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PIPERAZINYLPYRAZiNE COFvlPOUNDS A3 A 
AGONIST OR ANTAGONIST 
OF SEROTONIN 5HT-2 RECEPTOR. 



Field of the Jjivention 
The present invention relates to novel compounds, to pharmaceutical 
5 compositions comprising the compounds, to processes for their preparation, as well 
as to the use of the compounds for the preparation of a medicament which 
particularly acts on the central nervous system. 

Background of the Invention 

1 0 Many diseases of the central nervous system are influenced by the adrenergic, 

the dopaminergic, and the serotonergic neurotransmitter systems. For example, 
serotonin has been impncated in a number of diseases and conditions which originate 
in the centra] nep/ous system. A number of pharmacological and genetic experiments 
involving receptors for serotonin strongly implicate the 5-HT2c receptor subtype in 

1 5 the regulation of food intake (Obes. Res. 1995. 3, Suppl. 4, 449S-462S). The 5-HT2c 
receptor subtype is transcribed and expressed in hypothalamic structures associated 
with appetite regulation. It has been demonstrated that the 5-HT2c receptor agonist 
w-chlorophenylpiperazine (mCPP), which has some preference for the 5-HT2c 
receptor, reduces food intake in mice that express the normal 5-HT2c receptor while 

20 the compound lacks activity in mice expressing the mutated inactive form of the 5- 
HT2c receptor (Nature 1995. 374, 542-546). In a recent clinical study, a sUght but 
sustained reduction in body weight was obtained after 2 weeks of treatment with 
mCPP in obese subjects (Psychophannacology 1997. 133, 309-312). Recently, a 
series of pyrrolo[3,2,l-ij]quinoline derivatives was identified to be 5-HT2C receptor 

25 agonists having selectivity' over the 5-HT2A receptor (Isaac M., et al., Bioorg. Med. 
Chem. Lett. 2000 , 10, 919-921). The compounds are said to offer a novel approach to 
the treatment of obesity and epilepsy. 

Weight reduction has also been reported from clinical studies with other 
"serotonergic" agents (see e.g. IDrugs 1998. 1, 456-470). For example, the 5-HT 

30 reuptake inhibitor fluoxetme and the 5-HT releasing agent/reuptake inhibitor 

dexfenfluramine have exhibited weight reduction in contiroUed studies. However, 
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currently available drags that increase serotonergic transmission appear to have only 
a moderate and, in some cases, transient effects on tiiie body weiglit. 

The 5-HT2C receptor subtype has also been suggested to be involved in CNS 
disorders such as depression and anxiety (Exp. Opin. Invest. Drugs 1998, 7, 1587- 
5 1599; IDrugs, 1999, 2, 109-120). 

The 5-HT2c receptor subtype has further been suggested to be involved in 
urinary disorders such as urinary incontinence (EDrjgs, 1999, 2, 109-120). 

Compounds which have a selective effect on the 5-HT2c. receptor may 
therefore have a therapeutic potential in the treatment of disorders like those 
1 0 mentioned above. Of course, selectivity also reduces the potential for adverse effects 
mediated by other serotonin receptors. 

Information Disclosure 
US-A-3,253,989 discloses the use of mCPP as an anorectic agent. 
1 5 ■ EP-Al-863 1 36 discloses azetidine and pyrrohdine derivatives which are 

selective 5-HT2c receptor agonists having antidepressant activity and which can be 
used for treating or preventing serotonin-related diseases, including eating disorders 
and anxiety. 

EP-Al-330 263 discloses piperaziaylalkylpyrimidines as hypoglycemic 

20 agents. 

WO 87/04928 discloses 2-(l-piperazinyl)pyrimidines as agents for treating 
neuropathy. 

EP-A2-226842 discloses 1,4-naphthalenedione heterocyclic derivatives as 
antiallergics and antiasthmatics including 2-(3-bromophenyl)-4-(l-piperazinyl)- 
25 pyrimidine. 

EP-A-657 426 discloses tricyclic pyrrole derivatives having activity on the 
5-HT2c receptor and which inter alia may be used for treating eating disorders. 

EP-A-655 440 discloses 1-am.inoethylindoles having activity on the 5-HT2c 
receptor and which may be used for treating eating disorders. 
30 EP-A-572 863 discloses pyrazinoindoles having activity on the 5-HT2c 

receptor and which may be used for treating eatmg disorders. 
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J. Med. Chem. 1978 , 21, 536-542 arid US-A-4,081,542 disclose a series of 
piperazinylp>Tazine3 having central serotorin-mLimetic activity. 

US 4,078,063 discloses a series of piperazinylpyridines having anorexic 
activity. 

5 J. Med. Chem. 1981 . 24, 93-101 discloses a series of piperazinylquinoxaliaes 

with central serotoninmimetic activity. 

ES 514549 discloses piperazine derivative with anorexigenic action. 
EP 370560 discloses l-[mono- or bis(trifluoromethyl)-2- 
pj^ridinyljpiperazines as central nervous system agents. 
10 J. Med. Chem. 1987. 30, 1794-1798 discloses 2-(4-heterocyclylpipera7;in-l- 

yl) derivatives including 2-phenoxy-4-piperazin-l-ylpyrimidine. 

DE 2202385 discloses antunicrobial (5-nitro-2-fuiyl)pyriniidines and - 
thiadiazoles including 2-(5-nitro-2-furyl)-4-(4-methyl-l-piperazinyi)pyrimidine and 
2-(5-nitro-2-fuiyl)-4-[4-(2-hydroxyethyl)-l-piperazinyl]p}'rimidine. 
15 J. Med Chem. 1987. 30, 1210-1214 discloses iV,iV-disubstituted 6-alkoxy-2- 

p)Tidinamines as anticonvulsant agents including l-(6-methoxy-2- 
pyridinyl)piperazine, 

l-(6-ethoxy-2-pyridinyl)piperazine, l-(6-isopropoxy-2-pyridinyl)piperazine, 

1 -(6-isobutoxy-2-pyridinyl)piperazine, 1 -(6-cyclopropylmelhoxy-2- 
20 pyridinyl)piperazine, l-(6-cyclohexylmethoxy-2-pyridinyl)piperazine, and l-(6- 

cyclohexyloxy-2-pyridinyl)piperazine. 

J. Med. Chem. 1989. 32, 1237-1242 discloses 6-alkyl-JV,iV-disubstituted-2- 

pyridinamines as anticonvulsant agents including l-(6-butylthio-2- 

pyridinyl)piperazine, 
25 l-(6-cyclohexylmethyl-2-pyridinyl)piperazine and l-[6-(2-phenylethyl)-2- 

pyridinyljpiperazine. 

JP 07300474 discloses drags for treatment of diseases related to 

serotoninergic nerv'e including l-(6-phenoxy-2-p>ridinyl)piperazine and l-[6- 

(substituted)phenoxy-2-pyridinyi]piperazines, l-(6-benzyioxy-2- 
30 pyridinyl)piperazine, l-(6-cyclobutyloxy-2-pyridinyl)piperazine, and l-(6- 

cyclopentyloxy-2-pyridinyl)piperazine 

EP 580465 discloses heterocychc piperazines as 5-HT3 agonists including 
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6-chloro-2-(3-niethylpiperazinyl)pyridine and 6-chloro-2-(4- 
methyipiperazinyljpyridine. 

WO 00/12475 discloses indoline derivatives as 5-HT2b and/or 5-HT2c 
receptor ligands, especially for the treatment of obesity. 
5 WO 00/12510 discloses pyrroloiadoles, pyridoindoles and azepinoindoles as 

5-HT2c receptor agonists, particluarly for the treatment of obesity. 

WO 00/12482 discloses indazole derivatives as selective, directly active 
5-HT2c receptor ligands, preferably S-HT2c receptor agonists, particularly for use as 
anti-obesity agents. 

10 WO 00/12502 discloses pyrroloquinolines as 5-Err2c receptor agonists, 

particularly for use as anti-obesity agents. 

WO 00/35922 discloses 2,3,4,4a-tetrahydro-lJy-pyrazino[l,2-a]quinoxahn- 
5(6^ones as 5HT2c agonists, which may be used for the treatment of obesity. 

WO 00/44737 discloses arainoalkylbenzoflirans as 5-HT2c agonists, which 

1 5 may be used for the treatment of obesity. 

Further compounds reported to be 5HT2c receptor agonists are, for example, 
indazolyipropylaraines of the type described in WO 00/12481; indazoles of the type 
described in WO 00/17170; piperazinylpyrazines of the type described in WO 
00/76984; heterocycle fused y-carbolines of the type described in WO 00/77001, WO 

20 00/77002 and WO 00/77010; benzofiarylpiperazuies of the type described in WO 
01/091 1 1 and WO 01/09123; benzofurans of the type described in WO 01/09122; 
benzothiophenes of the type described in 01/09126; aminoalkylindazoles of the type 
described in WO 98/30548; indoles of the type described in WO 01/12603; indolines 
of tbe type described in WO 01/12602; pyrazino(aza)indoles of the type described in 

25 WO 00/44753 and tricyclic pyrroles or pyxazoles of the type described in WO 
98/56768. 

WO 96/1 1920 discloses CNS-active pyridinylurea derivatives. 

WO 95/01976 discloses indoline derivatives active as 5-HT2c antagonists and 
of potential use in the treatment of CNS disorders. 
30 WO 99/58490 disloses aiyl-hydronaphflialen-alkanamines which may 

effectuate partial or complete blockage of serotonergic 5-HT2c receptors in an 
organism. 
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Smmnary of the Invention 

According to the invention novel compounds of the general formula (!) are 
provided: 




wherein 

(i) X and Y represent both nitrogen and Z represents CH, forming a p>Tazine 
derivative, or 

1 0 (ii) X and Z represent both CH and Y represents nitrogen, forming a pyridine 

derivative, or 

(iii) X represents C-CF3, Z represents CH, and Y represents nitrogen, forming 
a 4-trifluoromethylpyridine derivative, or 

(iv) Y and Z represent both nitrogen and X represents CH, forming a 
1 5 pyrimidine derivative, and wherein 

Ri and R2 are each, independently, selected from a group A, consisting of 

or from a group B, consisting of aryl-Ci-Cg-aHcyl, aiyl-Ci-Ce-alkoxy, heteroaryl-Ci- 
Cg-alkoxy, aryloxy-Ci-Ce-alkoxy, heteroaryloxy-C2-C6-alkoxy, 1-indanyloxy, 

20 2-indanyloxy, aryloxy, heteroar>'Ioxy, arylthio, heteroar>4thio, Cs-Ce-cycloalkylthio, 
Cs-Cs-a'lkoxy, Cs-Cs-alkylthio, Cs-Cg-aikynyloxy, Cs-Cg-alkenyloxy, fluoro-C2-C4- 
alkoxy, C4-C8-cycloalkyloxy, Cs-Cg-cycloalkyl-Ci-Cralkoxy, halogen, aryl-Ci-C4- 
alkylthio, heteroaryl-Ci-C4-alkylthio, aryl-Ci-C4-a]kylamino, heteroaryl-Ci-C4- 
alkylamino, heteroaryl and aryl; 

25 with the proviso that: 



R3 

y 

HsC^N-^ 
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(i) Ri and R2 are different and are not both selected from group A or group B at the 
same time; 

(ii) when formula (I) is a pyrazine derivative Ri or R2 are other than, phenylthio, 
phenylmethylthio, phenyl or phenyl substituted by halogen; 

5 (iii) K-i in formula (I) is halogen, especially chloro, only when (I) is a pyrazine 

derivative and when R2 simultaneously is 2-methylpiperazin-l-yl, 2-ethylpiperazin- 

1- yl or fran^-2,5-dimethylpiperazin-l-yl; 

(iv) when formula (I) is a pyrazine derivative and Ri is 4-piperidinyloxy, R2 is other 
than 3-pyridinylmethoxy, 4-quinolinylmethoxy, 2,4-dimethoxybenzyloxy and 3-(4- 

10 pyridinyl)propoxy; 

(v) when both X and Z are CH and Y is N in formula (I), forming a p>Tidine 
derivative, and R] is 1-piperazinyl or 4-methylpiperazin-l-yl, then R2 is other than, 

2- pl-ienyleLhyl, benzyloxy, benzylamino, phenylthio, phenoxy, substituted phenoxy, 
C4-C8-cycloalkyloxy and Cs-Cg-cycloalkylmethoxy; 

1 5 (vi) when X is CH and Z and Y both are nitrogen in formula (I), forming a 

pyrimidine derivative, and R2 is 1-piperazinyl, then R\ is other than phenoxy, phenyl 
or phenyl substituted by bromo, and Cs-Cs alkoxy; and when R2 is 4- 
methylpiperazin-l-yl or 4-(2-hydroxyethyl)piperazin-l-yl, thenRi is other than 5- 
nitro-2-ftiryl; 

20 (vii) when X is CH and Z and Y both are nitrogen in formula (£), forming a 
pyrimidine derivative, and Ri is 
1-piperazinyl, then R2 is other than Cs-Cg alkoxy; 
and where 

R3 is H or Ci.4-alkyl, allyl, 2-hydroxyethyl, or 2-cyanoethyl, or a nitrogen 
25 protecting group, or a prodrug moiety such as an acyl- or an alkoxycarbonyl group 
formmg a cleavable amide or carbamate linkage; 
R3 is preferably hydrogen; 

R4 is hydrogen or C1-4 alkyl, preferably hydrogen, methyl or ethyl, more 
preferably hydrogen or methyl; 
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and wherein any aryl or heteroaryl residue, alone or as part of another group, 
in R.1 or R.2 may be independently substituted in one or more positions, preferably 
one or two, by Ci.4-alkyl, Ci.4-alkoxy, Ci^-aUcylthio, C2-4-acyl, C1.4- 
alkylsulphonyl, cyano, nitro, hydroxy, C2_6-allcenyl, C2-6-alk>'nyl, fluoromethyl, 
5 triflnoromethyl, trifluoromethoxy, halogen, -N(R5)(R5), aryl, aryloxy, arylthio, aryl- 
Ci_4-alkyl, aryl-C2-4-alkenyl, aryl-C2-4-aH<:ynyL heteroaryl, heteroaryloxy, 
heteroarylthio or heteroaryl-Ci.4-aIkyl, aryi-Ci_4-aikoxy, aryioxy-Ci_4-alkyl, 
dimethylamino-C2-4-alkoxy; 

and wherein any aryl or heteroaryl residue as substituents on aryl or 
10 heteroaryl, alone or as part of another group, ia Ri or R2 in turn may be substituted in 
one or more postions, preferably one, independently of each other by Ci .4-alkyl, Ci_ 
4-aIkoxy, halogen, trifluoromethyl, cyano, hydroxy or dimethylamino; and 

R5 and Rg independently of each other are hydrogen, methyl or ethyl, or 
together witli the nitrogen atom to which they are bound form apyrroUdine, 
1 5 piperazine, morpholine, thioniorpholine or a piperidine ring; 

and pharmaceutically acceptable salts, hydrates, geometrical isomers, 
tautomers, optical isomers, iV-oxides and prodrug forms thereof. 

When R3 serves as a nitrogen protecting group R3 is f-butoxycarbonyl (t- 
BOC), benzyl or trityl. 
20 In case the compounds of formula (I) can be in the form of optical isomers, 

the invention comprises the racemic mixture as well as the individual enantiomers as 
such. 

In case the compounds of formula (I) contain groups, which may exist in 
tautomeric forms, the iaveation comprises the tautomeric forms of the compounds as 
25 well as mixtures thereof. 

In case the compounds of formula (I) can be in the form of geometrical 
isomers, the invention comprises the geometrical isomers as well as mixtures thereof. 

According to another aspect, the invention provides the com.pounds according 
to formula (I) above for use in therapy. 
30 Still another aspect of the invention provides a pharmaceutical composition 

comprising a compound according to formula (I) above as the active ingredient. 
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preferably together with a phamiaceutically acceptable carrier and, if desired, other 
pharmacologically active agents. 

In yet another aspect, the invention provides a method for the treatment of a 
human or animal subject suffering from a serotonin-related disease, particularly 5- 
5 HT2c receptor-related, especially eating disorders, particularly obesity; memory 
disorders, schizophrenia, mood disorders, anxiety disorders, pain, substance abuse, 
sexual dysfunctions, epilepsy, and urinary disorders. 

Another aspect of the invention provides for the use of the compounds 
according to formula (I) above for the manufacture of a medicament for the treatment 
10 of a serotonin-related disease, particularly 5-HT2c receptor-related, especially eating 
disorders, particularly obesity; memory disorders; schizophrenia, mood disorders, 
anxiety disorders, pain, substance abuse, sexual dysfunctions, epilepsy and urinary 
disorders. 

Finally a method for modulating 5HT2c receptor function is an aspect of the 
15 invention. 

Detailed Description of the Invention 

According to the present invention, a class of novel compounds has been 
developed which compounds bind to the 5-HT2c receptor (agonists and antagonists) 
20 and which therefore may be used for the treatment of serotonin-related disorders. 

First, the various terms used, separately and in combinations, in the above 
definition of the compounds having the general formula (1) will be explained. 

By "heteroatom" is meant nitrogen, oxygen, sulphur, and in heterocyclic rings 
(including heteroaromatic as well as saturated and partially saturated heterocyclic 
25 rings), also selenium. 

The term "aryl" is intended to include aromatic rings (monocyclic or bicycUc) 
having from 6 to 10 ring carbon atoms, such as phenyl, 1-naphthyl, 2-naphthyl, 
1,23,4-tetrahYdronaphthyl (can be linked to tlie remainder of the molecule via a 
carbon atom in any ring) and indanyl (can be linked to the remainder of the m.olecule 
30 via a carbon atom in any ring). 

The term "heteroaryi" means a mono- or bicycUc aromatic ring system, only 
one ring need be aromatic, and which can be linked to the remainder of the molecule 
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via a carbon or nitrogen atom in any ring, and having from 5 to 10 ring atoms (m^ono- 
or bicyclio), in wmch one or more of the ring atoms ai e other than carbon, such as 
nitrogen, suiphur, oxygen and selenium. Examples of suchheteroaryi rings are 
pyrrole, imidazole, thiophene, furan, tfaiazole, isothiazole, thiadiazole, oxazole, 
5 isoxazole, oxadiazole, pyridine, pyrazine, pyrimidine, pyridazine, pyrazole, triazole, 
tetrazole, chroman, isochroman, coumarin, quinoline, quinoxaline, isoquinoline, 
phthalazine, cinnoline, quinazoline, indole, isoindole, indoline, isoindoline, 
benzotiiiophene, benzofuran, 2,3-dihydrobenzofuraii, isobenzoftiran, benzoxazole, 
2,1,3-benzoxadiazole, benzothiazole, 2,l,3-benzothiadia?;oIe, 2,1,3- 

10 benzoselenadiazole, benzimidazole, indazole, 2,3-dihydro-l,4-benzodioxine, 1,3- 
benzodioxole, 1,2,3,4-tetrahydroquinoline, 3,4-dihydro-27f-l,4-benzoxazine, 1,5- 
naphthyridine. 1,8-naphthyridine, 3.4-dihydro-2i7-pyrido[3,2-D]-1.4-oxazine, and 
2,3-dihydro-l,4-benzoxathiine. If a bicycUc sryl or heteroarj'l ring is substituted, it 
may be substituted in any ring. 

1 5 Exemplary aryl-C i -Ce-alkyl, in which the alkyl portion of the group may be 

straight or branched, include benzyl, 2-phenylethyl, 3-phenyl-l-propyl, 1- 
phenylethyl, l-phenyl-2-propyl and the like. 

Exemplary aryl-C] -Cg-aHcoxy, in which the aUcyl portion of the group may be 
straight or branched, include benzyloxy, 2-naphth3'lmethoxy, 2-phenyiethoxy, 3- 

20 phenyl- 1-propoxy, 1-phenylethoxy, l-phenyl-2-propoxy, 2-phenyl-l-propoxy and 
the like. 

Exemplary aryloxy-C2-C6-alkoxy, in which the alkyl portion of the group 
maybe straigjht or branched, include 2-phenoxyethoxy, 2-(l-naphthyloxy)ethoxy, 3- 
(2- naphthyloxy)- 1-propoxy, 3-phenoxy-l-propoxy, 4-phenoxy-l-butoxy, 5- 
25 phenoxy- 1 -pentoxy, l-phenoxy-2-propoxy and the like. 

Exemplar}' Cs-Cs-cycloaUcyl-Cj-C^-alkoxy, in which the alkyl portion of the 
group may be straight or branched, include cyciopropyimethoxy, 
cyclopentyhnethoxy, 2-cyclohexylethoxy, 1-cyclohexylethoxy, 1-cyclopropylethoxy, 

1- cyclobutylethoxy and tlie hke. 

30 Exemplary heteroaryl-C i -C4-alkylamino include 

2- (2-pyridinyl)ethylamino, 3-pyridinyhnethylamino, 2-(2-thienyl)ethylamino, 
2-(li3r-indol-3-yl)ethylamino and the hke. 
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Exemplary heteroaryloxy-C2-C6-alkoxy include 2-(8-quirj.olmyloxy)ethoxy, 
2-(3-pyridinyloxy)ethoxy, 3-(8-quiiioliiiyloxy)propoxy aad the like 

Exemplary Cs-Cs-alkynyloxy include propargyloxy, 1-hexynyloxy, 2- 
hex3^yloxy, 3-butynyloxy, 3-pentynyloxy and the like. 
5 Cs.g-alkoxy may be straight or branched. Exemplary alkoxy groups include 

pentyloxy, isopentyloxy, hexyloxy, and isohexyloxy. 

Halogen includes fluorine, chlorine or bromine. 

Where it is stated above that aryl and heteroaryl residues may be substituted 

(in one or more postions), this applies to aryl and heteroaryl per se as well as to any 
1 0 combined groups containing aryl or heteroaryl residues, such as heteroaryloxy-Ca- 

Ce-alkoxy, heteroaryloxy, aryl-Ci-Ce-allcoxy etc. 

The term "iV-oxides" means that one or more nitrogen atoms, when present in 

a compound, are in A^-oxide form (N->0). 

The term "prodrug forms" means a pharmacologically acceptable derivative, 
1 5 such as a carbamate or an amide, which derivative is biotransfonued in the body to 

form the active drug. Reference is made to Goodman and Oilman's, The 

Pharmacological basis of Therapeutics, 8* ed., McGraw-ffiU, Int. Ed. 1992, 

"Biotransformation of Drugs, p. 13-15. 

"Pharmaceutically acceptable" means being useful in preparing a 
20 pharmaceutical composition that is generally safe, non-toxic and neither biologically 

nor otherwise undesirable and includes being useful for veterinary use as well as 

human pharmaceutical use. 

"Pharmaceutically acceptable salts" mean salts which are pharmaceutically 

acceptable, as defined above, and which possess the desired pharmacological 
25 activity. Such salts include acid addition salts formed with organic and inorganic 

acids, such as hydrogen chloride, hydrogen bromide, hydrogen iodide, sulfuric acid, 

phosphoric acid, acetic acid, glycolic acid, maleic acid, mxalonic acid, oxahc acid, 

toluenesulphoriic acid, rnethanesulphomc acid, famaric acid, succinic acid, tartaric 

acid, citric acid, benz.oic acid, ascorbic acid and the like. 
30 Preferred embodiments of the invention are: 

- a compound of formula (I) wherein X and Y represent both nitrogen and Z 

represents CH, forming a pyrazine derivative; 
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- a compound of formula (I) wherein Y and Z both represent nitrogen and X 
represents CH, fomiing a pyxiiuidine derivative; 

- a compound of formula (I) wherein Ri or R2 is selected from 



^3 ^3 



and wherein R3 is hydrogen; 

- a compound of formula (I) wherein Ri or R2 is selected from 



r-^ N 



N. .o^^"3 N 



N 

I 



and where R3 is hydrogen and R4 is selected from hydrogen or methyl or ethyl; 
- a compound of formula (I) wherein Ri or R2 is 



and where R3 is hydrogen and R4 is selected from hydrogen or methyl or ethyl; and 
- a compound of formula (I) wherein Ri or R2 is selected from 

6 a 

I I ^ 

In a fiather preferred embodiment, the compounds of formula (I) are selected 
from compounds in which X and Y both are nitrogen and Z is CH giving pyrazine 
derivatives of formula (IT): 
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R2 and R3 are as defined above wherein any aryl and heteroaryl residue, 
alone or as part of another group, in R2 in turn may be substituted in one or more 
5 positions, preferably one or two, independently of each other by C 1 .4-alkyl, C 1 .4- 
alkoxy, Ci_4-aIk;ylthio, C2-4-acyl, Ci.4-alkylsulphonyl, cyano, nitro, hydroxy, C2- 
5-alkenyl, C2-6-alkynyl, fluoromethyl, trifluoromethyl, trifluoromethoxy, halogen, 
-N(R5)(R6), aryl, aryloxy, arylthio, aryl-Ci. 4-alkyl, aryl-C2_4-alkenyl, aryl-C2-4- 
alkynyl, heteroaryl, heteroaryloxy, heteroarylthio or heteroaryl-Ci. 4-alkyl, aryl-Ci_ 
10 4-alkoxy, aryloxy-Ci. 4-alkyl, dimethyiamino-C2-4-alkoxy; 

wherein any aryl or heteroaryl residue as substituents on aryl or heteroaryl, 
alone or as part of another group, in R2 in turn may be substituted in one or more 
postions, preferably one, independently of each other by Ci.4-alkyl, Ci.4-alkoxy, 
halogen, trifluoromethyl, cyano, hydroxy or dimethylamino; 
15 R5 and R.g are as defined above; and 
Ry is hydrogen or C1-4 alkyl. 

^jiother aspect of the invention is a compound of any of the formulae herein 
wherein R3 is hydrogen; or wherein R? is hydrogen, methyl, or ethyl; or wherein R7 
is methyl and is attached to the C2-position of the piperazine ring; or wherein R7 is 
20 hydrogen. 

In formula (II), R3 is preferably hydrogen, and R7 is preferably hydrogen or 
Ci_4-alkyl. When R7 is Ci _4-alkyl, it is most preferably substituted in the 2-postion 
of the piperazine ring. R7 is most preferably hydrogen or methyl. 

Preferred compounds of the general formula (T) above are: 
25 2-(Benzyloxy)-6-(l -piperazinyl)pyrazin6, 

2-[(2-Methoxybenzyl)oxy] -6-(l -piperazinyl)pyrazine, 
2-[(3-Mefhoxybenzyl)oxy]-6-(l-piperazinyl)pyrazine, 
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2-[(3,5-Difliiorobenzyl)oxy]-6-( 1 -piperazinyljpyrazine, 

2-( 1 -Naphthylin8thoxy)-6-(l -piperazinyl)p>Tazine, 

2-(l -rhenyletlioxy)-6-( i -piperazinyi)pyrazine, 

2- [ 1 -(3 -Fluorophenyljethoxy] -6-( 1 -pip erazinyl)pyrazine, 
5 2- [ 1 -(2-Metliox>phenyl)ethoxy] -6-( 1 -piperazinyl)p>Tazine, 

2-(3,4-Dihydro-2iy-chromen-4-yioxy)-6-(l-piperazinyi)pyra2;ine, 

2-(2-Phenylethoxy)-6-( 1 -piperazmyl)pyrazine, 

2-[(2-Phenoxybenzyl)oxy]-6-(l-piperazmyl)pyrazme, 

2-[2-(3-Chlorophenyl)ethoxy]-6-(l-piperazinyl)pyrazine, 
1 0 2-[2-(2-Methoxyphenyl)efhoxy]-6-(l-piperazinyl)pyrazme, 

2-[2-(3-Methoxyphenyl)ethoxy]-6-(l-piperazmyl)pyrazme, 

2- [2-(4-MetuoxypheriyI)ethiOxy] -6-( 1 -piperazinyl)py 

2-[2-(2,5-Dimethoxyphenyl)ethoxy]-6-(l-piperazinyl)pyrazine, 

2- [(2-Phenylethyl)sulfanyl] -6-( 1 -pip er azinyl)p}Tazin e, 
1 5 2-[(5-Fluoro-2-meth.oxyb6rizyl)GAy]-6-( 1 -piperaziriyi)pyTazine, 

2-[(3-Cyanobenzyi)oxy]-6-( 1 -piperazinyljpyrazine, 

2-[(2-Chlorobenzyl)sulfanyl]-6-(l-piperazinyi)pyrazine, 

2-[2-(4-Dimethylarmnophenyl)ethoxy]-6-(l-piperazinyl)pyrazine, 

2-[2-(l/f-Iadol-3-yl)ethoxy]-6-(l-pipera2inyl)pyrazine, 
20 2-[2-(l//-Indol-l-yl)ethoxy]-6-(l-piperazinyl)pyrazine, 

4-(Benzyloxy)-2-(l-piperazinyl)pyrimidine, 

4-[(2-Methoxybeiizyl)oxy]-2-(l-piperazinyl)pyrimidine, 

2- {[3 -(Benzyloxy)benzyl] oxy} -4-(l -piperazinyl)pyrijmidine, 

2-Benzyl-6-(l -piperazinyl)pyrazine, 
25 2-[(3,5-DimethoxybenzyI)oxy]-6-(l-piperazinyl)pyrazme, 

l-[6-(Benzyioxy)-2-pyrazinyi]-2-methylpiperazine, 

l-[6-(BsnzylQxy)-2-p}T3zinyl]-2-ethylpiperazine 

1- [6-(Berizyloxy)-2-pyTazinyl]-^r-a?(j'-2,5-dimethylpiperazine. 

2- [2-(2-Fiuorophenyi)ethoxy]-6-(l-piperazinyi)pyrazine, 

30 2-(2,3-Dihydro-lii-inden-l-y!methoxy)-6-(l-piperazinyl)pyrazm^ 
2-(4-Phenoxybutoxy)-6-(l-piperazinyl)pyrazine. 
2-[(5-Phenoxypentyl)oxy]-6-(l-piperazinyl)pyrazine. 
2-[(2,5-Dimethoxybenzyl)oxy]-6-(l-piperazinyl)pyrazine. 
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2- { [2-(2-Pheaylethyl)benzyl] oxy} -6-( 1 -piperazinyl)p>Tazine 

(2i?)-l-[6-(BerjJzyioxy)-2-pyrazmyi]-2-methylpiperazine, 

2-[2-(2,6-DifiiiorophenQxy)etiioxy]-6-(l-piperazmyl)pyrazm^ 

2-[2-(2-Naphthyloxy)ethoxy]-6-(l-piperazinyl)p>Ta2me 
5 2-( 1 -Methyl-2-phenylethoxy)-6-( 1 -piperazinyl)pyrazine 

2- {[2-(Phenoxymethyl)benzyl]oxy} -6-(l-piperazmyl)pyrazine 

2-[(5-Fluoro-2-methoxybenzyl)oxy]-6-(l-piperazinyl)pyrazine 

2-[(2,5-Difluoroben2yl)oxy]-6-(l-pipe!razinyl)pyrazine 

2-[(2-Fliiorobenzyl)oxy]-6-(l-piperazmyl)p5Tazme 
10 2-(Benzo[Z»]thiophen-3-ylmethoxy)-6-(l-piperazmyl)pyrazme, 

2-[2-(5-Methyl-2-phenyl-oxazol-4-yl)-ethoxy]-6-(l-piperazinyl)pyrazme, 

2-[l-(256-DifIuoro-phenyl)-ethoxy]-6-(l-pipera7,iriyl)pyrazine, 

2-(2-Naphthalen-2-yl-ethox30-6-(l-piperazinyl)p\Tazine, 

2-[3-(Naphthalen-2-yloxy)-propoxy]-6-(l-pipeiazinyl)pyTazine, 
15 2-[2-(74vIethoxy-naphthalen-2-yloxy)-ethoxy]-6-(l-piperazinyl)pyrazme, 

2-[5-(4-Chlorophenyl)-2-methylftiran-3-34methoxy]-6-(l-piperazinyl)pyrazm^^ 

2-(li?-Indol-4-ylmethoxy)-6-(l-piperazinyl)pyrazine, 

and their pharmacologically acceptable salts and solvates; 
and 

20 2-(Benzyloxy)-6-(l-piperazinyl)pyrazine, 

2-[(2-Methoxybenzyl)oxy]-6-(l-piperazinyl)pyrazine, 
2-[(3-Methoxybenzyl)oxy]-6-(l-piperazinyl)pyrazine, 

2-[(3,5-Difluorobenzyl)oxy]-6-(l-piperazinyl)p>'razine, 
2-( 1 -Naphthylmethoxy)-6-( 1 -piperaziuy')pyTazine, 

25 2-(i-Phenylethoxy)-6-(l-piperazinyl)pyrazine, 

2- [ 1 -(3 -Fluorophenyl)ethoxy] -6-( 1 -piperazinyl)pyrazine, 
2- [ 1 -(2-Methoxyphenyl)ethoxy]-6-( 1 -piperazinyl)p>Tazine, 
2-(3 ,4-Dihydro-2i?-chromen-4-yIoxy)-6-( 1 -piperazinyfipyrazine, 
2-(2-Phenylethoxy)-6-(l-piperazinyl)pyrazine, 

30 2- [(2-Phenoxybenzyl)oxy]-6-(l -piperazinyl)pyTazine, 

2- {[3-(Benzyloxy)benzyl]oxy} -6-(l -piperazinyl)pyrazine, 
2-[2-(3-Chlorophenyl)ethoxy]-6-(l-piperazinyl)pyi:a2ine, 
2-[2-(2-Methoxyphenyl)ethoxy]-6-(l-piperazinyl)pyrazine, 



wo 02/40456 _i 5 _ PCT/SEOl/02569 

2- [2-(3 -Methoxyphenyl)ethoxy] -6-( 1 -pip er azinyl)pyrazin 

2- [2-(4-Methox>'phenyl)ethoxy] -6-( 1 -pip erazinyl)pyraziii6, 

2-[2-(2,5-Dimeilioxyphenyi)ethoxy]-6-(l-piperazinyi)pyrazine 

2-[(2-Phenylethyl)sulfanyl]-6-(l-piperazinyl)p>'razine, 
5 2-[(5-Fluoro-2-nietiioxyberizyl)oxy]-6-(l-piperazinyl)pyrazine, 

2-[(3-Cyanobenzyl)oxy]-6-(l-piperazinyl)pyrazine, 

2-[(2-Chlorobenzyl)sulfanyl]-6-(l-piperazinyl)pyra2ine, 

2-[2-(4-Dime1hylaininophenyl)ethoxy]-6-(l-piperazinyl)pyrazine, 

2-[2-(lH-Iitidol-3-yl)ethoxy]-6-(l-pipera2inyl)pyrazine, 
1 0 2-[2-( IH-Indol- 1 -yl)ethoxy]-6-( 1 -piperazinyl)pyraziae, 

4-(Benzyloxy)-2-(l-piperazinyl)pyriniidine, 

4-[(2-Methoxybenzyl)oxy]-2-(l-piperazinyl)pyiimidin^ 

2-{[3-(Benzyloxy)berizyl]oxy}-4-(l-piperazinyl)pyriTnidine, 

2-Benzyl-6-( 1 -piperazinyl)p>Tazine, 
15 2-[(3,5-Diriietuoxybenzyl)oxy]-6-(l-piperazinyl)pyrazirie, 

l-[6-(Benzyioxy)-2-pyrazinyl]-2-methylpiperazine, 

and their pharmacologically acceptable salts and solvates. 

As mentioned above, the compounds of the present invention are useful for 

the treatment (including prophylactic treatment) of serotonin-related disorders, 
20 especially 5-HT2c receptor-related, in a human being or in an animal (including e.g. 

pets), such as eating disorders, especially obesity; memory disorders, such as 

Alzheimer's disease; schizophrenia; mood disorders, including, but not restricted to, 

major depression and bipolar depression, including both mild and manic bipolar 

disorder, seasonal affective disorder (SAD); anxiety disorders, including situational 
25 anxiety, generalized anxiety disorder, primary anxiety disorders (panic disorders, 

phobias, obsessive-compulsive disorders, and post-traumatic stress disorders), and 

secondary arixiety disorders (for example anxiety associated with substance abuse); 

pain: substance abuse; sexiial dysfiinctions; epilepsy; and urinary disordei^, such as 

urinary incontinence. Additionally, the compounds of the present invention are 
3 0 generally useful in treatment of diseases and disorders of the central nervous system 

(CNS). 

The compounds of the present invention in radiolabelled form, may be used 
as a diagnostic agent. 
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This invention relates to metliods of Txialdng compounds of any formulae 
herein comprising reacting any one or more of the compomids or fonnulae delineated 
herein including any processes delineated herein. 

In one aspect, the invention is a metiiod of making a compound of formula (I) 
5 delineated herein, taking a compound of the following formula: 




wherein; (i) X and Y represent both nitrogen and Z represents CH, forming a 
pyrazine derivative, or (ii) X and Z represent both CH and Y represents nitrogen, 
forming a pyridine derivative, or (iii) X represents C-CF3, Z represents CH, and Y 

10 represents nitrogen, forming a 4-trifluoromethylpyridine derivative, or (iv) Y and Z 
represent both nitrogen and X represents CH, forming a pyrimidine deriviative, and 
wherein each Hal is independently a halogen; and reacting the compound with one or 
more chemical reagents in one or more steps to produce a compound of general 
formula (I) delineated herein. 

15 The compoimds of general formula (I) above may be prepared by, or in 

analogy with, conventional methods, and especially according to or in analogy with 
the following methods. 

Method A: 

20 Compounds of formula (I) above in which Ri (or R2 ) are bound to the 

pyrazine-, pyridine- or pyrimidine ring in (I) via an O, S or N atom in Ri (or R2), are 
prepared by reacting a compound of the structural formula (JS), (IV), (V), or (VI) 




(V) (Vi) 
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wherein Hal is halogen, with an appropriate amine, alcohol or thiol or its 
corresDonding anion to produce a compoimd of formula TvII), CVIII), (IX), or (X): 

Har N' R^(R2) Hal'^N Ri(R2) 
(V!!) (VIII) 



(R2)R,^N'^Hal Hal N R^CR^) 

(IX) (X) 
wherein Ri (or R2) is as defined above and with the proviso that Ri (or R2) is not any 
5 of the following groups 

R, ^3 



The appropriate alcohol, amine, or thiol may be converted completely or partially to 
its corresponding anion by treatment with bases, such as triethylamine, 1,8- 
10 diazabicyclo[5.4.0]undec-7-ene, K2CO3, NaOH, NaH, KO-r-Bu, lithium 

diisopropylamide or the like. The reaction is carried out in a solvent, such as dioxane, 
tetrahydrofUran, tert-hutanol or iSW-dimethylformamide (DMF), at 0-200 °C for 1- 
24 hours. The compound of formula (VD), (Vin), (IX), or (X) is reacted with 1 to 10 
molar equivalents of an appropriate amine selected firom 

R3 Rs 




H H 



and where K3 and K4 are as defined above, in a solvent such as acetomtrile, dioxane, 
tetrahydrofuran, n-butanol, DMF, or in a mixture of solvents such as DMF/dioxane, 
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10 



15 



20 



optionally in the presence of a base, such as K2CO3, Na2C03, CS2CO3, NaOK, 
triethylamine, pyridine or the like, at 0-200 °C for 1-24 hours to produce the 
compound of formula (I). When R3 is a nitrogen protecting group as defined above, 
the subsequent 

iV-deprotection is carried out by conventional methods such as those described in 
Protective Groups in Organic Synthesis, John Wiley & Sons, 1991 or subsequent 
editions thereof. 

Method B: 

Compounds of formula (I) are prepared by reacting a compound of formula 
(VII), (Vni), (EX) or (X) above with a 4-hydroxysubstituted piperidine compound 
of formula (XI) 



wherein R3 is as defined above. 

The reaction is carried out in a solvent, such as toluene, DMF, tert-hntsmol or 
dioxane, in the presence of abase, such as l,8-diazabicyclo[5.4.0]undec-7-ene, 
KOH, KO-r-Bu, NaH or the like, at 0-200 °C for 1-24 hours. 

The nitrogen atom in (XI) may be protected with a suitable protecting group, 
preferably fert-butoxycarbonyl, trityl or benzyl. iV-Deprotection is then carried out by 
conventional methods such as those described in Protective Groups in Organic 
SyTithesis, John Wiley & Sons, 1991 or subsequent editions thereof. 

Method C: 

Compounds of formula (T) are prepared by reacting a compound of formula 
(III), (rv), (V), or (VI) above with an appropriate amine, selected firom 
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10 



15 



(XI) 

and where R3 and R4 are as defined above to produce a compound of formula (XII) 
OT(Xm): 



wherein Hal is as defined above, and X, Y, Z have the same meaning as in formula 
(I), and Am is an amine residue selected firom 



and where R3 and R4 are as denned above. The reaction conditions may be those 
described for methods A and B above. The compound of formula (XII) or (XIII) is 
reacted with an appropriate alcohol, amine (other than those defined for Am above) 
or thiol or its corresponding anions to produce a compound of the formula (I). The 
reaction conditions may be those described for method A above. When R3 is a 
nitrogen protecting group as defined above, the subsequent JV-deprotection is carried 
out by conventional methods such as those described in Protective Groups in Organic 
Syxithesis, John Wiley & Sons, 1991 or subsequent editions thereof 



Accordmg to anoliier general process (the Suzuki reaction; for a review, see: Chem. 
Rev. 1995, 95, 2457-2483), the com.pounds of formula (I) v/herein R.i or R2 are ar>'l 
or heteroaryl may be prepared by reacting a compound of formula (111), (IV), (V), or 
(VI) with a boronic acid derivative of the type heteroaryl-B(OH)2 or aryl-B(0H)2, 
where heteroaryl and aryl are as defined above, in the presence of a transition metal 





(XII) 



(XIII) 




Method D . 
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catalyst such as (Pli3p)4rd, where Ph represents phenyl, in a suitable solvent such as 
an ether (e.g., 1-2-diinethoxyethane or tetrahydrofltran), in the presence or absence of 
water, or an aromatic hydrocarbon (e.g., toluene). The reaction is preferably carried 
out in the presence of a base such as an alkali or alkaline earth metal carbonate (e.g, 
sodium carbonate) at a suitable temperature up to reflux to provide a compound of 
formula (Xr/) or (XV) 

Hal X^Ar or Heteroaryl Ar or Heteroaryl^X^ Hal 

(XIV) (XV) 
The compound of formula (XIV) or (XV) is reacted with 1 to 10 molar equivalents of 
an appropriate amine selected from 



H 



or a 4-hydroxysubstituted piperidine compound (XI) 
HO- 



H H 
compound (XI) 



(X!) 

to produce a compound of formula (I) and where R3 and R4 are as defined above. 
The reaction conditions maybe those described for methods A and B above. 

Method E . A compound of formula (XII) or (XIU) is reacted with a boronic acid 
derivative heteroaryl-B(OH)2 or aryl-B(0H)2 to provide a compound of formula (I). 
Heteroaryl and aryl are as defined above. The reaction conditions may be those 
described in method D. 

An obtained compound of formula (I) may be converted to another compound 
of formula (I) by methods well known in the art. 

The processes described above may be carried out to give a compound of the 
invention in the form of a free base or as an acid addition salt. A pharmaceutically 
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acceptable acid addition salt may be obtained by dissolving the free base in a suitable 
organic solvent and treating tlie solution with an acid, in accordance with 
conventional procedures for preparing acid addition salts from base compounds. 
Examples of addition salt forming acids are maleic acid, fiimaric acid, succimc acid, 
5 methanesulfonic acid, acetic acid, oxalic acid, benzoic acid, hydrochloric acid, 
sulphuric acid, phosphoric acid, and the like. 

The compounds of formula (I) may possess one or more chiral carbon atoms, 
and they may therefore be obtained in the form of optical isomers, e.g. as a pure 
enantiomer, or as a mixture of enantiomers (racemate) or as a mixture containing 

1 0 diastereomers. The separation of mixtures of optical isomers to obtain pure 

enantiomers is well known in the art and may, for example, be achieved by fractional 
crystallization of salts witli optically active (chiral) acids or by chromatographic 
separation on chiral columns. 

The necessary stalling materials for preparing the compounds of formula (I) 

15 are either Icnown or rnay be prepared in analogy with the preparation of known 
compounds. 

hi accordance with the present invention, the compounds of formula (I), in 
the form of free bases or salts with physiologically acceptable acids, can be brought 
into suitable galenic forms, such as compositions for oral use, for injection, for nasal 

20 spray administration or the like, in accordance with accepted pharmaceutical 

procedures. Such pharmaceutical compositions according to the invention comprise 
an effective amount of the compounds of fonnula (I) in association with compatible 
pharmaceutically acceptable carrier materials, or diluents, as are well known in the 
art. The carriers may be any inert material, organic or inorganic, suitable for enteral, 

25 percutaneous, subcutaneous or parenteral administration, such as: water, gelatm, gum 
arabicum, lactose, microcrystalline cellulose, starch, sodium starch glycolate, 
calcium hydrogen phosphate, magnesi^jm stearate, talcum, colloidal silicon dioxide, 
and the like. Such compositions may also contain otlier pharmacologically active 
agents, and conventional additives, such as stabilizers, wetting agents, emulsifiers, 

3 0 flavouring agents, buffers, and the like. 

The compositions according to the invention can e.g. be made up in solid or 
liquid form for oral administration, such as tablets, pills, capsules, powders, syrups, 
elixirs, dispersable granules, cachets, suppositories and the like, in the form of sterile 
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solutions, suspensions or emulsions for parenteral administration, sprays, e.g. a nasal, 
spray, transdermal prepai-ations, e.g. patches, and tlie like. 

As mentioned above^ the com„pounds of the invention may be used for the 
treatment of serotonin-related disorders in a human being or an animal, such as 
5 eating disorders, particularly obesity, memory disorders, schizophrenia, mood 
disorders, anxiety disorders, pain, substance abuse, sexual dysfunctions, epilepsy, 
and urinary disorders. The dose level and frequency of dosage of the specific 
compound will vary depending on a variety of factors including the potency of the 
specific compound employed, the metabolic stability and length of action of that 

10 compound, the patient's age, body weight, general health, sex, diet, mode and time of 
administration, rate of excretion, drug combination, the severity of the condition to 
be tieated, and the patient imdergoing therapy. The daily dosage may, for example, 
range from about 0.001 mg to about 100 mgper kilo of body weight, administered 
singly or multiply in doses, e.g. trom about 0.01 mg to about 25 mg each. Normally, 

15 such a dosage is given orally but parenteral administration may also be chosen. 

All references cited herein, whether in print, electronic, computer readable 
storage media or other form, are expressly incorporated by reference in theu: entirety, 
including but not limited to, abstracts, articles, journals, publications, texts, treatises, 
internet web sites, databases, patents, and patent publications. 

20 The invention will now be illustrated with the following examples, which 

however, are for illustrative purposes are not intended to limit the scope of the 
invention. 

EXAMPLES 

General: 

25 The structures of the prepared compounds were connnned by standard 

spectroscopical methods, and elemental analysis and/or high resolution MS. The 
NIVIR data were obtained on a JEOL JNT',! EX 270, a Braker 400 DPX or a Broker 
DRX 500 spectrometer. IR spectra were obtained on aPerkin Euner SPECTRUIvI 
1000 FT-IR spectrom-eter. High resolution MS was obtained on a Microm-ass LCT 

30 spectrometer. Elemental analysis was performed by Mikro Kemi AB, Uppsala, 

Sweden or at Pharmacia AB, Stockholm, Sweden. Melting points, when given, were 
obtained on a Biichi or a Gallenkamp melting point apparatus and are uncorrected. 
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EXAI'vlPLE 1 

2-(l -Naphthyimethoxy)-6-(l -pipera/in yi)py raz;in 

To a solution of 2,6-dichlorop3n:azine (298 mg, 2.00 mmol) and l-naphthylniethanol 
(348 mg, 2.20 minol) in dioxaae (5 mL) was added NaH (55 % in mineral oil, 96 mg, 
5 2.2 mmol) at room temperature. The reaction was stirred at room temperature and 
monitored by GC. After 3 h, pipera2dne (189 mg, 2.20 mmol) and NaH (55% in oil, 
96 mg, 2.2 mmol) was added into the reaction flask at room temperature. The 
reaction mixture was stirred at room temperature for 24 h. The solvent was 
evaporated off. To the residue was added piperazine (671 mg, 7-30 tnmol) and 
1 0 acetonitrile (5 mL) and the solution was heated under reflux for 5 h. The reaction 
mixture was directly loaded on a short column of silica gel for flash column 
chromatography. Elution with MeOH/'dichloromeihane (1:9) mniished 0.41 g (64%) 
of the title compound. HRMS m/z calcd for C19H20N4O (M)"^ 321.1715, found 
321.1721. Anal. (C19H20N4O • 0.1 H2O) C, H, N. 

15 

EXAMPLE 2 

2-[l-(3-Fluorophenyl)ethoxy]-6-(l-piperaziiiyl)pyrazine. 
Step 1: 2-Chloro-6-[l-(3-fluorophenyl)ethoxy]pyrazine. 

20 To a solution of 2,6-dichlorop>'razine (298 mg, 2.00 mmol) and l-(3- 

fluorophenyl)ethanol (308 mg, 2.2 mmol) in dioxane (5 mL) was added NaH (55 % 
in oil, 96 mg, 2.2 mmol) at room temperature. The reaction mixture was stirred over 
night. Water (0.5 mL) was added and the mixture was stirred for 15 min. Drying 
(K2CO3), filtration, and concentration in vacuo gave the title compound as an oil 

25 (0.55 g) that was used directly in the next step. MS m/z 254 (M+H)"*". 

Step 2 : 2-[l-(3-F!uoropheHyl)ethoxy] =6=(1 -piperazinyl)pyr3Z!ne. 
A niixtui e of the product fiom step 1 above (crude, 1.09 g, ~ 4.3 mmol), piperazine 
30 (1 .03 g, 12.0 mmol) and K2CO3 (1 .00 g, 7,2 mmol) in acetonitrile (5 mL) was heated 
under reflux overnight (20 h). After cooling, ethyl acetate (15 mL) and water (5 mL) 
were added. The ethyl acetate layer was filtered through a short column of silica gel 
using MeOH/ethyl ether (1:1) as eluent to give 0.72 g (55%) of the title compound as 
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an oil. HRMS m/z calcd for C16H19N4O4F (M)^ 302.1543, foimd 302.1528. Anal. 
(C16H19N4OF ■ 0.5 H2O) C, H, N. 

EXAMPLE 3 

5 2-(l,3-Benzodioxol-5-ylmethoxy)-6-(l-piperazinyl)pyraziiie, Acetate. 

Step 1: 2-(l53-BenzodioxoI-5-ylmethoxy)-6-chloropyrazme. 

To a solution of 2,6-dichloropyrazine (298 mg, 2.00 mmol) andpiperonyl alcohol 
(335 mg, 2.20 nmol) in dioxane (5 mL) was added NaH (55 % in mineral oil, 96 mg, 
10 2.2 mmol) at room temperature. The reaction mixture was stirred overnight. Water 
(0.5 mL) was added and the mixture was sthred for 15 min. Drymg, Na2C03, 
filtration and concentration in vacuo fiimished an oil (0.54 g) that was used directly 
in the next step. HRMS m/z calcd for C12H9CIN2O3 (M)^ 264.0302, found 264.0303. 

1 5 Step 2 : 2-(l ,3-Beiizodioxol-5-ylmethoxy)-6-(l -piperazinyQpyrazine, Acetate. 

A. mixture of the product from step 1 above (0.54 g, 2.0 mmol), piperazine (0.86 g, 
10 mmol) and K2CO3 (1.00 g, 7.2 mmol) in acetonitrile (5 mL) was heated irnder 
reflux for 5 h. After cooling, ethyl acetate (20 mL) and water (5 mL) were added. 
The saved ethyl acetate layer was filtered through a short column of sihca gel using 

20 methanol/ethyl ether (1 : 1) as eluent. This furnished the free base of the title 

compound as an oil (0.43 g). This material was dissolved in methanol and acetic acid 
(0.5 mL) was added. The solution was concentrated. Diethyl ether (25 mL) was 
added and the flask was shaken until crystallization started. The crystals was 
collected, washed with diethyl ether and dried in air to give 0!34 g (45%) of the title 

25 compound: mp 124-127 "C. HRMS m/z calcd for C16H18N4O3 (Mf 314,1379, found 
314.1308. Anal. (C16H18N4O3 ' CH3COOH • I.6H2O) C,H,N. 

EXAMPLE 4 

2- [(3-MethoxybenzyI)oxy] -6-(l -pip8raziayi)pyrazine, Acetate. 
30 Step 1: 2-Chloro-6-[(3-methoxybenzyi)oxy]pyrazine. 

To a solution of 2,6-dichloropyrazine (444 mg, 3.00 nmiol) and 3-methoxybenzyl 
alcohol (455 mg, 3.30 mmol) in dioxane (5 mL) was added NaH (55 % in oil, 144 
mg, 3.30 mmol) at room temperature. The reaction mixture was stirred overnight. 
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Water (0.5 mL) and ethyl acetate (10 mL) were added and the mixture was stirred for 
15 iTiin and then filtered. The filtrate was dried over K2CO3 and concentrated to give 
an oil (0.86 g) liiat was used directly in the next step. MS miz 250 (M+H)"^. 

5 Step 2: 2-[(3-MethoxybenzyI)oxy]-6-(l-piperazinyl)pyrazine, Acetate. 

A mixture of the product firom step 1 above (0.57 g, ~ 2.0 nrnol), piperazine (0.86 g, 
10 mmol) and K2CO3 (1.00 g, 7.2 mmol) in acetonitrile (5 mL) was heated under 
reflux for 10 h. After cooling, ethyl acetate (30 mL) was added. The ethyl acetate 
layer was washed v/ith v/ater and brine, dried over Na2C03, and concentrated under 
10 reduced pressure. The residue was dissolved in diethyl ether. Acetic acid (0.5 mL) 
was added and the solution was left at room temperature for crystallization. The 
crystals were collected, washed with diethyl ether and dried in vaccirai to give 0.54 g 
(75%) of the title compound: mp 1 1 1-1 13 T. HRMS m/z calcd for C16H20N4O2 (Mf 
300.1586, found 300.1589. Anal. (C16H20N4O2 • CH3COOH) C, H, N. 

15 

L>L\MPLE 5 

2- 1 (2-Metlioxyb eiizyl)oxy] -6-(l -piperazrayl)pyrazine, Dihydrochloride. 
Step 1: 2-Chloro-6-[(2-methoxyben2yl)oxy]pyrazine. 

The title compound was prepared according to the procedm-e of example 4, step 1 
20 starting from 2,6-dichloropyrazine (298 mg, 2.00 mmol), 2-methoxybenzyl alcohol 
(303 mg, 2.20 mmol) aud NaH (55 % in mineral oil, 96 mg, 2.2 mmol). The yield of 
the crude product was 0.49 g (98%) and was used directly as such in the next step. 
MS mIz 250 (Mf. HRMS m/z calcd for C12H11CIN2O2 (M)"" 250.0509, found 
250.0522. 

25 

Step 2: 2-[(2-MethoxybeiizyI)oxy]-6-(l-piperazmyl)pyra2iiie, Dihydrochloride. 

The title compound was prepared according to the procedure of example 4, step 2 

starting fi-om the product of step 1 above (0.49 g), piperazine (0.86 g, 10 mmol) and 
K2CO3 (1.00 g, 7.2 mmol). This gave the free base of the title compound as an oil. 
30 Yield 0.43 g {13%). The free base was dissolved in ethyl ether and a solution of HCl 
in diethyl ether was added imtil no more precipitate v»'as formed. The precipitate was 
collected, washed with dietiiyl ether, and dried in vaccum to give 0.41 g (56%) of the 
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title compound: mp 171-173 °C). HRMS rn/z calcd for C16H20N4O2 (M)* 300.1586, 
found 300.1586. Anal. (C16H20N4O2 • 2HC1) C, H, N. 

EXAMPLE 6 

5 2-[(3,5-Difluorobenzyl)oxy]-6-(l-piperazuiyl)pyrazine, Acetate. 
Step 1: 2-Chloro-6-[(3,5-difluorobenzyl)oxy]pyrazine. 

The title compound was prepared according to the procedure of example 4, step 1 
starting frorn 2,6-dichloropyrazine (444 rug, 3.00 rnmol), 3,5-difluorobenzyi alcohol 
(475 mg, 3.30 mmol) and NaH (55% in mineral oil, 144 m_g, 3.30 mmol). The solid 
1 0 product was collected, washed with water, and dried to give 0.77 g (1 00%) of the 
crude product that was used directly in the next step. An analj^cal sample was 
recrystallized from diethyl ether/hexane: mp 70-71 °C. MS miz 257 (M+H)"^. Anal. 
(C]iH7ClPN20)C,H,N. 

15 Step 2: 2-[(3,5-Difluorobeiizyl)oxy]-6-(l-piperazinyl)pyrazine, Acetate. 

The title compound was prepared according to the procedure of example 4, step 2 
starting from the product of step 1 above (0.51 g, ~ 2,0 mmol), piperazine (0.86 g, 10 
mmol) and K2CO3 (1.00 g, 7.2 mmol). Yield 0.49 g, (67%); mp 70-72 °C; HRMS 
m/z calcd for C15H16F2N4O (M)"" 306.1292, found 306.1292. Anal. (C15H16F2N4O • 
20 CH3COOH-H20)C,H,N. 

EXAIvlPLE 7 

2-([l,l'-BiphenyI]-4-yimetuoxy)-6-(l-piperazinyi)pyrazm Acetate. 
Step 1: 2-([l,l'-Biphenyl!-4-ylmethoxy)-6-chloropyrazine, 
25 The title compound was prepared according to the procedure of example 4, step 1 
starting from 2,6-dichloropyrazine (444 mg, 3.00 mmol), /?-phenylberizyl alcohol 
(607 mg, 3.30 mmol) and NaH (55% in mineral oil, 144 mg, 3.30 mmol). 
Recrystallization from hexane gave 0.55 g (88%) of the title compound: mp 86-87 
°C. MS mIz: 297 (M+H)"". Anal. (C17H13CIN2O) C, H, N. 

30 

Step 2: 2-([l,l'-Biphenyl]-4-ylmethoxy)-6-(l-piperazmyl)pyrazine, Acetate. 
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The title compound was prepared according to the procedure of example 4, step 2 
startiag uorn tlie product of step 1 above (0.54 g, 1.87 inmol), piperazine (0.86 g, 
10.0 mmol) and K2CO3 (1.00 g, 7.2 mmol). Yield: 0.35 g (44%); mp 102-104 °C. 
HRMS m/z calcd for C21H22N4O (Mf 346.1794, found 346.1777. Anal. (C21H22N4O 
5 •CH3COOH-0.55H2O)C,H,N. 

EXAIvIPLE 8 

2-[2-(3-Chlorophenyl)ethoxyj-6-(l-pinerazinyI)pyrazin Acetate. 
Step 1: 2-Chloro-6-[2-(3-ch!oropheBy!)ethoxy]pyraz!ne. 
10 The title compound was prepared according to the procedure of example 4, step 1 
starting from 2,6-dichlorop)a:azine (444 mg, 3.00 mmol) and w-chlorophenethyl 
alcohol (515 mg, 3.30 mmol) aad NaH (55% in mineral oil, 144 mg, 3.30 nunol). 
The crude product (0.92 g) was used directly in the next step. MS miz 269 (Jvl+H)"^. 

15 Step 2: 2-[2-(3-ChIuropuenyi)etuoxy]-6-(l-plperazinyl)pyrazine, Acetate. 

The title compoimd was prepared according to the procedure of example 4, step 2 
startiag from the product of step 1 above (0.81 g, 3.02 mmol), piperazine (0.86 g, 10 
mmol) and K2CO3 (1.00 g, 7.2 mmol). Yield: 0.75 g (65%); mp 118-1 19 °C. HRMS 
m/z calcd for C16H19CIN4O (M)^ 318.1247, found 318.1249. Anal. (C16H19CIN4O • 

20 CH3COOH) C, H, N. 

EXAMPLE 9 

6-(l-Piperazinyi)-2-pyrazinyl 1,2,3,4-tetrahydro-l-naphthaIenyl ether, Acetate. 
Step 1 : 2-ChIoro-6-(l,253,4-tetrahydro-l-naphthaienyioxy)pyrazme. 
25 The title compound was prepared according to the procedure of example 4, step 1 
starting from 2,6-dichloropyrazine (444 mg, 3.00 nunol) and 1,2,3,4-tetrahydro-l- 
naphthol (488 mg, 3.30 mmol) and NaH (55% in oil, 144 mg, 3.30 mmol). The crude 
product (0.86 g) was used directly in the next step. MS m/z 261 (M+H)^. 

30 Step 2: 6-(l-Piperazmyl)-2-pyrazinyl 1,2,3,4-tetrahydro-l-naphthalenyl ether, 
Acetate. 

The title compound was prepared according to the procedure of example 4, step 2 
starting from the product of step 1 above (0.75 g, 2.88 mmol), piperazine (0.86 g, 10 
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mmoi) andKaCOs (1.00 g, 7.2 mmoi). Yield: 0.59 g (55%); mp 160-162 °C. MS mlz 
310 Of)''. HRMS m/z calcd for C18H22N4O OVI)"' 310.1794, foimd 310.1799. Anal. 
(Ci8H22N40 • CH3COOH) C, H, N. 

5 EXAlVlPLE 10 

2-(l-Piperazinyi)-6-{ [4-(trifluoromethyi)benzyij oxy}pyrazine. Acetate. 
Step 1 : 2-ChIoro-6-{[4-(trifluoromethyl)benz}'IJoxy}pyrazine. 
The title compound was prepared according to the procedure of example 4, step 1 
starting from 2,6-dichloropyiazine (444 mg, 3.00 rmnol) and 4-trifluoromethylbenzyl 
10 alcohol (581 mg, 3.30 mmoi) and NaH (55% in mineral oil, 144 mg, 3.30 mmoi). 
Recrystallization from hexane gave 0.81 g (93%) of the title compound: mp 67-69 
°C. 

MS mlz 289 (M+H)-". Anal. (CnHgClFsNjO) C, H, N. 

15 Step 2: 2-(l-Piperaziiiyl)-6-{[4-(trifluoromethyl)benzyl]oxy}pyrazine, Acetate. 
The title compound was prepared according to the procedure of example 4, step 2 
starting from the product of step 1 above (0.54 g, 1.89 mmoi), piperazine (0.86 g, 10 
mmoi) and K2CO3 (1.00 g, 7.20 mmoi). Yield: 0.36 g (48%); mp 84-85 °C. MS mlz 
338 (M)^. HRMS m/z calcd for C16H17F3N4O (M)^ 338.1054, found 338.1063. Anal. 

20 (Ci6Hi7C]F3N40-CH3COOH)C,H,N. 

EXAMPLE 11 

2-(l-PiperazmyI)-6-(3-pyridinylmethoxy)pyraziiie, Acetate. 
Step 1: 2-Chloro-6-(3-pyridinylmethoxy)pyrazme. 

25 The title compound was prepared according to the procedure of example 4, step 1 
starting from 2,6-dicliloropyTazine (444 rng, 3.00 niniol), riicotinic alcohol (360 mg, 
3.30 mmoi) in dioxane (5 mL) and NaH (55 % m oil, 144 mg, 3.30 mmoi). The crude 
product, obtained as an oil (0.72 g), was used directly ui the next step. MS mlz 221 

30 

Step 2: 2-(l-Piperazinyl)-6-(3-pyr!diny!methoxy)pyrazme5 Acetate. 

The title compound Vv^as prepared according to the procedure of example 4, step 2 
starting from uie product of step 1 above (0.74 g, 3.35 mrnol), piperazine (0.86 g, 10 



wo 02/40456 



-29- 



PCT/SEOl/02569 



rmnol) and K2CO3 (1.00 g, 7.2 mmol). Yield: 0.73 g (44 %); mp 98-99 °C; MS miz 
271(M)^. HRMS m/z calcd for C14H17N5O (Mf 271.1433, found 271.1425. Arxal. 
(C14H17N5O • CH3COOH) C, H, N. 

5 EXAMPLE 12 

2-(l-PiperazinyI)-6-[2-(3-pyridiuyi)ethox:yjp:vraziue, Acetate. 
Step 1: 2-<I;hloro-6-f2-(3-pyridinyI)ethoxy]pyrazine. 

The title compound was prepared according to the procedure of example 4, step 1 
starting from 2,6-dichloropyrazine (444 mg, 3.00 mmol) and 2-(3-pyridyl)ethanol 
10 (405 mg, 3.30 mmol) and NaH (55% in mineral oil, 144 mg, 3.30 mmol). The crude 
product, obtained as an oil (0.62 g, 88% yield), was used directly in the next step. 
MS m/z 235 (M)^ 

Step 2: 2-(l-Piperazlnyl)-6-[2-(3-pyridinyl)ethoxy]pyrazine5 Acetate. 
1 5 The title compound was prepared according to the procedure of example 4, step 2 
starting from the product of step 1 above (0.62 g, 2.64 mmol), piperazine (0.86 g, 10 
mmol) and K2CO3 (1.00 g, 7.2 mmol). Yield: 0.40 g (44%); mp 90-91 °C. MS mIz 
285 (M)"". HllMS m/z calcd for C15H19N5O (M)"" 285.1590, found 285.1598. Anal. 
(C15H19N5O • CH3COOH) C, H, N. 

20 

EXAMPLE 13 

2-(2-Furylmethoxy)-6-(l-piperazmyl)pyrazine. 

Step 1: terr-Butyl4-(6-chIoro-2-pyrazinyl)-l-piperazinecarboxyIate. 

A mixture of ter^-butyl 1-piperazinecarboxylate (5.07 g, 27.2 mmol), 2,6- 
25 dichloropyrazine (3.38 g, 22.7 mmol), and K2CO3 (4.09 g, 30.0 mmol) in acetonitrile 

(20 mL) was stirred at 65 °C for 12.5 h and for a ftirther 15 h at room temperature. 
Ether was added and the suspension was filtered. Concentration in vacuo furnished 
the crude product as an oil that crystallized upon standing. Purification by 
chjromatography on silica gel using ethyl acetate/w-hexane (6:4) as eluent gave 6.1 g 
30 (90%) of the title compound as a solid. HRMS mIz calcd for C13H19CIN4O2 (Mf 
298.1197, found 298.1211. Anal. (C13H19CIN4O2) C, H, N. 
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Step 2: 6-Ch!oro-2-(l-piperaziayl)pyrazine.* 

A solution of tiifluoroacetic acid (TFA; 6 mL) in dichloromethane (24 niL) was 
added to a stirred solution of the product of step 1 above (5.79 g, 19.4 mmol) in 
dichloromethane (20 mL) at 0 °C. After 1 h and 1.5 h of stirring, additional portions 
5 (10 mL and 5 mL) of TFA were added. Crushed ice and 5 M aqueous NaOH were 
added and the mixture was extracted with dichloromethnae (12 x 200 mL). The 
combined organic layers were dried (K2CO3), filtered and concentrated in vacuo. 
This famished 3.48 g (90%) of the title compound as a light yellow sohd. 
^Previously described in a) J. Med. Chern. 1978, 21, 536-542; b) US 4,082,844 

10 

Step 3: 2-(2-FuryImethoxy)-6-(l-piperazinyl)pyrazine. 

K-f-BuO (L55 g, 13.8 mmol) was added to a mixture of the product firom step 2 
above 

(1.40 g, 7.05 mmol) and 2-fiirarmiethanol (5.3 g, 54 mmol). After being stirred for 
15 7.5 h at 110 °C, the mixture wais applied onto a bed of silica (16x6 cm). Elution 
with CHCls/MeOH (95:5 followed by 90:10) furnished 1.35 g (74%) of the title 

compound as an oil. IJPMS miz calcd for C13H16N4O2 (M)"^ 260.1273, found 
260.1276. Anal. (C13H16N4O2) C, H, N. 

20 EXAMPLE 14 

2-(2-Phenylethoxy)-6-(l~piperazinyl)pyrazine, Maleate. 

K-r-BuO (0.80 g, 7.13 mmol) was added to a mixture of the product from example 
13, step 2 (0.638 g, 3.21 mmol) and 2-phenylethanol (5.62 g, 46.0 mmol). After 
being stirred for 5 h at 105 °C in a sealed flask, the mixture was applied onto a bed of 

25 silica (16 x 5 cm_). Elution with CHCls/MeOH (97:3 followed by 90:10) furnished 
0.68 g of an thick beige colored oil. This material was redissolved in ethyl acetate 
and K2CO3 was added. Filtration and concentration in vacuo fiimished 0.67 g (74%) 
of the free base of the title compound as an oil. HRMS mIz calcd for C16H20N4O 
(M)"*" 284.1637, found 284.1630. The free base was converted into its maleate salt 

30 which was recrj'stallized from MeOH/ether: mp 166-168 °C. Ajial. (C16H20N4O • 
C4H404)C,H,N. 
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EXAlvIPLE 15 

2-(2-Furyl)-6-(l-piperazmyl)pyrazine. 
Step 1: 2-C!iloro-6-(2-fury!)pyraziiie. 
5 1 ,2-Dimethoxyethane (130 mL) was added to a mixture of 

tetralds(triphenylphosphine)palladium (0) (0.93 g, 0.80 mmol) and 2,6- 
dichloropyrazine 

(2.55 g, 17.1 mmol). After 5 min of stirring at room temperature, fliran-2-boronic 
acid (1.91 g, 17.1 mmol) followed by aqueous NaaCOs (30 mL; 2 M) were added. 

1 0 The mixture was heated at refl\ix for 1 h [TLC monitoring by Si02/«-hexane/ethyl 
acetate (90:10)]. The layers were separated and the U^t brownish water layer was 
extracted with dichloromethane (2 x 200 mL). The combined organic layers were 
dried (K2CO3), filtered and concentrated in vacuo. The brown-yellow oil obtained 
was purified by silica gel chromatography (18.5 x 4 cm) eluting with «-hexane/ethyl 

1 5 acetate (90: 10). This furnished 1 .47 g (48%) of the title compound as a light yellow 
solid. HRMS m/z calcd for C8H5CIN2O (M)"" 180.0090, found 180.0092. Anal. 
(CsH5ClN20)C,H,N. 

Step 2: 2-(2-Furyl)-6-(l-piperazinyl)pyrazine, 

20 A mixture of the product from step 1 above (0.94 g, 5.2 mmol), piperazine (1.28 g, 
14.9 mmol, K2CO3 (0.87 g, 6.3 mmol) in acetonitrile (5 mL) was heated in a sealed 
pyrex flask at 85 °C for 3 h. The mixture was diluted with dichloromethane, filtered, 
and concentrated in vacuo. The oily residue was purified by silica gel 
chrom-atography (18x4 cm) to fUmish a yellow oil. This material was redissolved in 

25 a small volume of CHCVether (9: 1) and filtered through a short (4 cm) plug of 
alumina eluting with ether/MeOH (96:4). The filtrate was concentrated in vacuo to 
afford 0.77 g (64%) of the title compound as a light yellow solid. HRMS miz calcd 
forCi2Hi4N40 (M)^ 230.1168, found 230.1170. Anal. (C12H14N4O) C,H,N. 

30 EXAMPLE 16 

2-(l-Piperaziay!)-6-(3-t!iienyl)pyraz!ne. 
Step 1; 2-Chloro-6-(3-thienyl)pyraziiie. 



wo 02/40456 



-32- 



PCT/SEOl/02569 



1,2-DitRethoxyethans (120 mL) was added to a mixture of 
tetraMs(triplienylpliosphme)palladiur^^^ (0) (0.87 g, 0.75 nunol) and 2,6- 
dichloropyrazine 

(2.43 g, 16.3 mmol). After 15 min of stirring at room temperature, thiophene-3- 
5 boronic acid (2.09 g, 16.3 mmol) followed by aqueous NaaCOs (2 M; 25 mL) were 
added. The mixture was heated at reflux for 2 h [TLC monitoring by Si02/n- 
hexane/ethyl acetate (85:15)]. The layers \vere separated and the light brownish 
water layer was extracted with ether (2 x 100 rnL). The combined organic layers 
were dried (K2CO3), filtered and concentrated in vacuo. The brownish oil obtained 
10 was purified by silica gel chromatography (18x5 cm) eluting with w-hexane/ethyl 
acetate (85:15). This furnished 1.46 g (45%) of the title compound as an off-white 
solid. HRMS m/z calcd for C8H5CIN2S (Mf 195.9862, found 195.9868. Anal. 
(C8H5CIN2S) C,H,N. 

15 Step 2: 2-(l-Piperaziayl)-6-(3-thienyl)pyrazme. 

A mixture of the product from step 1 above (1.04 g, 5.29 mmol), piperazine (1 .32 g, 
15.3 mmol), and K2CO3 (0.81 g, 5.82 mmol) in acetonitrile (6 mL) was heated in a 
sealed pyrex flask at 85 °C for 8.5 h. The reaction mixture was diluted with 
dichloromethane, filtered, and concentated in vacuo. The semi-solid residue was 

20 purified by column chromatography on silica gel (18x5 cm) using CHCls/MeOH 
(9:1) 

as ekient to flimish an oil. This material was redissolved in ethyl acetate, filtered, and 
concentrated in vacuo. This gave 0.98 g (75%) of the title compound as a yellow 
sticky ofl. HRMS m/z calcd for C12H14N4S (Mf 246.0939, found 246.0943. Anal. 
25 (Ci2Hi4N4S)C,H,N. 

EXAlvlPLE 17 

iV-Benzyl-6-(l-piperazmyl)-2-pyrazinamme. 
Step 1: A'-BenzyI-6-chloro-2-pyrazmamme. 

30 A mixture of 2,6-dicliloropyTazine (1.31 g, 8.8 mmol), benzylamine (1.15 g, 10.7 

mmol) and K2CO3 (1 .65 g, 1 1.9 mmol) in acetonitrile (6 mL) was heated at 85 °C for 
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13 li in a sealed p>Tex flask. The reaction mixtoe was diluted with dichloromethane, 
filtered and concentrated in vacuo. The yellow solid residue was dissolved in a small 
volume of methanol and purified by silica gel chromatography (18x4 cm) using 
CHCls/MeOH (98:2) as eluent. A second purification (Si02; 16x4 cm) using CKCI3 
5 as eluent fijmished 1 .55 g (8 1%) of the title compound as a light yellow solid. HRMS 
miz calcd for CnHioClNs (Mf 219.0563, found 219.0568. Anal. (C11H10CIN3) Q 
H, N. 

Step 2: iV-Benzyl-6-(i-piperazmyl)-2-pyrazmanHne. 

10 A mixture of the product ftom step 1 above (1.25 g, 5.7 mmol), piperazine (1.0 g, 
11. 6 mmol), and K2CO3 (1.0 g, 7.3 mmol) in dioxane (3 mL) was heated at 160 °C 
for 1 1 h in a sealed pyrex flask. The reaction mixture was diluted with 
dichloromethane, filtered and concentrated in vacuo. The red-brownish residue was 
dissolved in a small volume of CHCls/MeOH (9:1) and purified by silica gel 

1 5 chromatography (1 5 x 4 cm) using CHClsMeOH (95 : 5, followed by 9 : 1 ) as eluent. 
The free base was obtained as a brownish solid (0.9 g, 3.33 mol) that was redissolved 
in methanol (10 mX). Maleic acid (0.45 g, 3,83 mmol) in methanol (5 mL) was added 
and the salt was precipitated out by addition of ether. The salt was recrystallized 
fijom MeOH-ether and finally converted back to the firee base by alkalinization (10% 

20 aqueous Na2C03) and extraction with ether (5 x 60 mL). The combined ether layers 
were dried (K2CO3), filtered and concentrated. This furnished 0.36 g (23%) of the 
title compound as a light yellow powder. HRMS m/z calcd for C15H19N5 (M)""" 
269.1640, found 269.1641. Anal. (C15H19N5) C, H, N. 

25 EXAMPLE 18 

1- [6-(2-Thienylmethoxy)-2-pyridmyl]piperazme. 
Step 1: 2-ChIoro-6-(2-thienylmethoxy)pyridine.* 

K-/-BuO (1.70 g, 15.1 mmol) was added portionwise to a stirred mixture of 

2- thiophenemethanol (2.14 g, 18.7 mmol) and 2,6-dichloropyridine (2.13 g, 14.4 
30 imnol) in dioxaae (3 mL) at room temperature. An exotermic reaction started and 

more dioxane (3 mL) was added. After 3 h of stirring at room temperature, the 
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reaction mixture was passed through a coluiriii of sihca using ?z-hexans/sthyl acetate 
(85:15) as eluent. A second purification on silica (16 x 4 crn) using «-hexane/ethyl 
acetate (9:1) fiirtiished 3.0 g (93%) of the title compound as a light beige oil. HRMS 
m'z calcd for CioHgClNOS (Mf 225.0015, found 225.0022. Anal. (CioHgClNOS) C, 
5 H, N. *Previously described in EP 693490. 

Step 2: l-[6-(2-Thienylmethoxy)-2-pyridinyl]piperazme. 

A mixture of the product Irom step 1 above (1.35 g, 5.98 mmol), piperazine (1.55 g, 
17.9 mmol) and K2CO3 (0.91 g. 6.58 mmol) in acetonilrile (5 mL) was heated at 125 
10 125 °C for 6.5 h in a sealed pyrex flask. The reaction mixture was diluted with 
dichlorometane, j&ltered and concentrated in vacuo. The semi-solid residue was 
purified by silica gel (16x4 cm) chromatography using CHCls/MeOH (9:1) as 
eluent. Solvents were evaporated and the oily residue was redissolved in CHCls/ether 
(1:1). Filtration and concentration in vacuo furnished 0.78 g (47%) of the title 
• 15 . coinpoiindasabeigeoil. 

HRIVIS m/z calcd for C14H17N3OS (M)* 275.1092, found 275.1 101. Anal. 
(Ci4Hi7N30S)C,H,N. 

EXAMPLE 19 
20 2-(2-Phenoxyethory)-6-(l-piperazmyl)pyrazme. 
Step 1: 2-Chloro-6-(2-phenoxyethoxy)pyrazme. 

K-?-BuO (1.61 g, 14.3 mmol) was added portionwise to a stirred mixture of 2,6- 
dichloropyrazine (2.03 g, 13.6 mmol) and 2-phenoxyethanol (2.54 g, 18.4 mmol) 
in dioxane (8 mL) at 0 °C (ice-bath). After 5 min of stirring, the ice-bath was 
25 removed and the mixture was stiixed at room temperature for 1 h. The reaction 

mixture was diluted with ether, filtered and concentrated in vacuo. The oily residue 
was purified by sihca gel chromatography (18x5 cm) using n-hexane/ethyl acetate 
(92:8) as eluent. 

This fiimished 2.92 g (86%) of the title compound as a white soUd. HRMS m/z calcd 
30 for C12H11CIN2O2 (Mf 250.0509, found 250.0511. Anal. (Ci2HiiC]N202) C, H, N. 

Step 2: 2-(2-Pheaoxyethoxy)-6-(l-piperaziiiy!)pyrazine. 



wo 02/40456 



-35- 



PCT/SEOl/02569 



A mixture of the product from step 1 above (1.29 g, 5.15 minol), piperazine 
(1 .30 g, 15.1 mmol) and K2CO3 (0.71 g, 5.14 mmol) in acetonitrile (5 mL) was 
heated in a sealed pyrex flask at 100 °C for 4 h. The reaction mixture was diluted 
with dichloromethane, filtered, and concentrated in vacuo. The light-brown semi- 
5 soUd residue was purified by silica gel chromatography (15x4 cm) using 

CHCls/MeOH (9:1) as eluent. Solvents were evaporated off and the residue was 
redissolved in ether/CHCh (1:1). Filti-ation and concentration in vacuo furnished 
1.05 g (68%) of the title compound as a white solid. HRJMS m!z calcd for 
C16H20N4O2 QAf 300.1586, found 300.1578. Anal. (C16H20N4O2) C, H, N. 

10 

EXAMPLE 20 

2-(Beiizyloxy)-6-(l-piperazmyl)pyrazine.* 

A mixture of the product from example 13, step 2 (0.73 g, 3.68 mmol), benzyl 
alcohol (9.4 g, 87 mmol) and K-t-BuO was stirred at 125 °C for 4.5 h. The reaction 

15 mixture was purified by silica gel chromatography (13 x 5 cm) using CllCls/ivIeOIl 
(7:3 followed by 9:1) as eluent. Solvents were evaporated off and the residue was 
redissolved in ethyl acetate. Filtration and concentration in vacuo fijmished 0.90 g 
(90%) of tiie title compound as a beige oil. HRMS miz calcd for C15H18N4O QfJSf 
270.1481, found 270.1482. Anal. (C15H18N4O) C, H, N. *This compound was also 

20 characterized as its maieate salt: mp 155-156 °C. HRMS miz calcd for C15H18N4O 
(M)* 270.1481, found 270.1482. Anal. (C15H18N4O • C4H4O4) C, H, N. 

EXAMPLE 21 

2-Phenoxy-6-(l-piperazinyl)pyrazine. 

25 A mixture of the product obtained in example 13, step 2 (1.97 g, 9.92 mmol), phenol 
(2.43 g, 25.8 mmol), CuO (1.0 g, 12.6 mmol), and K2CO3 (1.43 g, 10.3 mmol) in 
dioxane (2 mL) was stirred for 4.5 h at 165 °C in a sealed pyrex tube. The reaction 
mixture was diluted with CHCI3 and filtered through a pad of Celite. The pad was 
washed with several portions of CHCls/MeOH (95:5). Solvent removal in vacuo 

30 fiimished a dark brown oil which was purified by column chjromatography on silica 
gel (14 X 5 cm) using CHClsMeOH (95:5, followed by 90:10) as eluent. The brown 
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oil (1.66 g) was subjected to repeated column chromatography, first on sihca gel (18 
X 4 cm) using CHCls/MeOH (9:1) as eiuent and finally on alumina (4 x 5 cm) using 
ether/MeOH (95:5) as eiuent. This furnished 1.37 g (54%) of the title compound as a 
Ught beige oil. HRMS miz calcd for C14H16N4O (M)"" 256.1324, found 256.1321. 
5 Anal. (C14H16N4O) C, H, N. 

EXAMPLE 22 

2-(l-Ph8nyIethoxy)-6-(l-piperazinyl)pyrazine. 
Step 1: 2-Chloro-6-(l-phenylethoxy)pyrazme. 

10 K-^-BuO (2.1 g, 18.7 mmol) was added to a stirred solution of 1-phenyl-l-ethanol 
(2.45 g, 20.1 mmol) in dioxane (30 mL) at 0 °C (ice-bath). After 10 min of stirring, 
2,6-dichloropyrazine (2.49 g, 16.7 mmol) was added whereupon the reaction mixture 
turned orange colored. After being stirrred for a further 1.5 h, ether was added and 
the mixture was filtered. Concentration in vacuo furnished an orange colored oil that 

1 5 was purified by silica gel chromatography (15x5 cm) using «-hexane ethyl acetate. 
(9:1) as eiuent. This gave 3.29 g (84%) of the title compound as a colorless oil. 
IIRMS mIz calcd for C12H11CIN2O (M)"" 234.0560, found 234.0551. 

Step 2: 2-(l-Phenylethoxy)-6-(l-piperazinyI)pyi azine. 

20 A mixture of the product firom step 1 above (1.53 g, 6.5 mmol), piperazine (1.62 g, 
18.9 mmol) and K2CO3 (0.90 g, 6.5 mmol) in acetonitrile (6 mL) was heated in a 
sealed pyrex flask at 90 °C for 3.5 h. The reaction mixture was diluted with 
dichloromethane, filtered and concentrated in vacuo. The semi-solid residue was 
purified by silica gel chromatography (13x4 cm) using CHCls/ivxeOH (9:1) as 

25 eiuent. Solvents were evaporated off and the remaining oil was redissolved in 

CHCI3, filtered through a short plug of alumina and concentrated in vacuo. This gave 
1.34 g (72%) of the title compound as an oil that solidified when refiigerated. HRMS 
mIz calcd for C16H20N4O (Uf 284.1637, found 284.1650. Anal. (C16H20N4O • 
C4H4O4) C, H, N. 

30 

EXAMPLE 23 
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2-(2-F!«oroethoxy)-6-(l-piperaziny!)pyraziBe, Maleate. 
Step 1: 2-Cuioro-u-(2-fluoroethoxy)pyiaziue. 

K-r-BuO (1.32 g, 11. 8 mmol) was added portionwise to a stirred mixture of 2- 
fluoroethanol (2.16 g, 33.7 mmol) and 2,6-dichloropyrazine (1.61 g, 10.8 mmol) in 
5 dioxane (2 mL) at 0 °C (ice-bath). The reaction mixture was then stirred at room 
temperature for 1 hour, diluted with dichloromethane, filtered, and concentrated in 
vacuo. The residue was purified by column chromatography on silica gel (19 x 4 
cm) using n-hexane/ethyl acetate (85:15) as eluent. This furnished 1.49 g (78%) of 
the title compound as a beige liquid. Anal. (CgHeFClNaO) C, H, N. 

10 

Step 2: 2-(2-FlHoroethoxj')-6-(l-piperazinyI)pyrazine, Maleate. 
A mixture of die product irom step 1 above (0.94 g, 5.31 mmol), piperazine (1.40 g, 
16.3 mmol) and K2CO3 (0.81 g, 5.9 mmol) in acetonitrile (5 mL) was stirred at room 
temperature for 8.5 h and at 65 "C for 4 h. The reaction mixture was diluted with 

1 5 dichloromethane, filtered and concentrated in vacuo. The semi-soUd residue was 
purified by sihca gel chromatography (17 x 4 cm) using CHCls/MeOH (9:1) as 
eluent. Solvents were evaporated off and the remaining oil (0.73 g) was redissolved 
in ether/CHCls (1:1) and filtered through a short (4 cm) plug of alumina using 
ether/MeOH (96:4) as eluent. Solvents were evaporated off and the residue was 

20 redissolved in ether and K2CO3 was added. Filtration and concentration in vacuo 
furnished 0.57 g (47%) of the free base of the title compoimd as an oil which was 
converted into its maleate salt. RecrystallLzation from MeOH/ether fiimished 0.58 g 
of the title compound as a white powder. Anal. (C10H15FN4O • C4H4O4) C, H, N. 

25 EXAMPLE 24 

2-(Cyclopentylmethoxy)-6-(l-piperazmyl)pyraziue. 

Step 1: 2-Chloro-6-(cyclopentylmethoxy)pyrazme. 

K-^-BuO (1.65 g, 14.7 mmol) was added portionwise to a stirred mixture of 

cyclopcntanemethanol (2.99 g, 29.9 mmol) and 2,6-dichloropyrazine (1.90 g, 12.8 

30 mmol) in dioxane (6 mL) at 0 °C (ice-bath). The reaction mixture was then stirred for 
2.5 h, while the temperature was allowed to reach room temperature. The reaction 
mixture was diluted with dichloromethane/ether (1:1), filtered, and concentated in 
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vacuo. The beige liquid v/as purified by column chroraatography on silica gel (18 x 4 
cm) using «-hexane/ethyl acetate (94:6) as eluent. Two chromatograpliic mns 
afforded 1.66 g (61?/o) of the title compound as a colorless oil, HRMS m/z calcd for 
CioH]3ClN20 (Mf 212.0716, found 212.0723. Anal. (C10U13CIN2O) C, H, N. 

5 

Step 2: 2-(Cyclopeiitylmethoxy)-6-(l-piperazinyl)pyrazine. 

A mixture of the product from step 1 above (1.12 g, 5.27 mmol), piperazine (1.36 g, 
15.8 mmol) and K2CO3 (0.77 g, 5.6 mmol) in acetonitrile (5 niL) was stirred at 100 
°C for 4.5 h in a sealed pyrex flask. The reaction m_ixture was diluted with 

10 dichloromethane, filtered and concentrated in vacuo. The semi-solid residue was 
purified by siUca gel chromatography (15x4 cm) using CHCIb/McOH (9:1) as 
eluent. Solvents were evaporated offend the remaining thick oil was redissolved in 
ether. Filtration and concentration in vacuo ftimished 1.02 g (74%) of the title 
compound as a beige oil. HRMS m/z calcd for C14H22N4O (Mf 262.1794, found 

15 262.1800. Anal. (Ci4H22N40)C,H,N. 

EXAMPLE 25 

2-Benzyl-6-(l-piperazmyl)pyrazme. 
Step 1: 2-Chloro-6-benzylpyrazine 

20 The title compound was prepared in a 20 mmol-scale according to the procedure 

described in WO 94/26715 with a slight modification. The reaction was carried out at 
50 °C for 8 h followed by 10 h at room temperature. Yield: 0.75 g (18%). HRMS m/z 
calcd for C] 1H9CIN2 (M)"^ 204.0454, found 204.0450. 

25 Step 2: 2-Benzyl-6-(l-piperazmyI)pyrazine, 

A mixture of the product from step 1 above (0.83 g, 4.0 mmol), piperazine (1.1 g, 
12.8 mmol) and K2CO3 (0.62 g, 4.49 mmol) in acetonitrile (7 mL) was stirred at 85 
°C for 8.5 h. Thr reaction mixture was diluted with dichloromethane, filtered and 
concentrated in vacuo. The semi-solid residue was purified by silica gel 
30 chromatography (20 x 4 cm_) using CHCh/MeOH (9: 1) as eluent. The resulting oil 
was redissolved in CHCI3 and filtered through a short (4 cm) plug of alumina using 
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ether,MeOH (96:4) as eluent. Solvent removal in vacuo furnished 0.59 g (57%) of 
the title corupomid as an oil wliicli becarne semi-solid upon rejfrigeration. HKlvIS m/z 
calcd for C15H18N4 (Mf 254.1531, found 254.1527. Anal. (C15H18N4) C, H, N. 

5 EXAMPLE 26 

2-(3,4-Dihydro-2^-chromeii-4-yloxy)-6-(l-piperazmyI)pyrazi]ie,Maleate. 
Step 1: 2-Chloro-6-(3,4-dihydro-2fl'-chromeii-4-yloxy)pyrazine. 

K-?-BuO (1.28 g, 11.42 mmol) was added to a stirred solution of 4-chromanol (1.81 
g, 12.0 mmol) in dioxane (30 mL) at 0 °C (ice-bath). After being stirred for 5 min at 
10 room temperature, the mixture was chilled to 0 °C (ice-bath) and 2,6- 

dichloropyrazine (1.49 g, 10.0 mmol) was added. The reaction mixture was stirred at 
room temperature for 15 min and diluted with dichloromethane. Filtration and 
concentration m vacuo furnished 

an orange thick oil which was purified by chromatography on silica gel (15 x 4 cm) 
15 using «-hexane/ethiyl acetate (8:2) as eluent. This furnished 1 .87 g (71%) of the title 
compound as a colorless oil. HRMS m/z calcd for C13H11CIN2O2 (Mf 262.0509, 
found 262.0520. Anal. (Ci3HnClN202) C, H, N. 

Step 2 • 2-(354-Dihydro-2fl'-chromeii-4-yloxy)-6-(l-piperazinyl)pyrazme, 
20 Maleate. 

A mixture of the product from step 1 above (1.53 g, 5.81 mmol), piperazine (1.45 g, 
16.9 mmol) and K2CO3 (0.80 g, 5.81 mmol) in acetonitrile (10 mL) was heated in a 
sealed pyrex flask at 1 10 °C for 6.5 h. The reaction mixture was diluted with CHCI3, 

filtered and concentrated in vacuo. The serni-solid residue was purified by colmrm 
25 chromatography on silica (13x4 cm) using CHCls/MeOH (9:1) as eluent. The free 
base of the title compound was obtained as a viscous oil (1.76 g, 97%) which was 
converted to its maleate salt. Recrystallization from MeOH/ether furnished 1.78 g 
(74%) of the title compound as a hght yellow powder: mp 179.5-182 °C. HRMS m/z 
calcd for Ci7H2oN402 (Mf 312.1586, found 312.1581. Anal. (C17H20N4O2 • 
30 C4H4O4) C, H, N. 
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EXAAIPLE 27 

2-[2-(4-BiniethylariiiuopuenyI)etuoxy]-6-(l-piper Maleate. 
Step 1 : 2-Chloro-6-r2-(4-dimethylaminophenyi)ethoxyjpyrazi 
K-?-BuO (2.27 g, 20.3 mmol) was added to a stirred solution of 4- 
5 (dimethylatnino)phenethyl alcohol (3.55 g, 21 .5 mmol) in dioxane (35 mL) at 0 °C 
(ice-bath). After being stirred for 5 min at 0 °C and 12 min at room temperature, the 
mixture was chilled to 0 °C (ice-bath) and 2,6-dichloropyrazuie (2.62 g, 17.6 mmol) 
was added. The reaction mixhire was stirred at 0 °C for 5 min and at room 
temperature for 20 min and diluted witli dichloromethane/etlier (1:1). Filtration 
1 0 through a pad of Celite, covered with K2CO3, and concentration in vacuo furnished a 
yellow oil. This material was purified by chromatography on silica gel (15x5 cm) 
usiag n-hexane/ethyl acetate (85:15). A second chromatograhic run on sihca gel (14 
X 5 cm) using n-hexane/ethyl acetate (88:12) furnished 3.91 g (80%) of the title 
compound as a colorless oil. Anal. (Ci4Hi6CIISf30) C, H, N. 

15 

Step 2: 2-[2-(4-Dimethyiaminophenyl)ethoxy]-6-(1-piperazinyi)pyrazine, 
Maleate. 

A rnixtuic of the product uorn step 1 above (1.83 g, 6.59 mmol), piperazine (1.69 g, 
19,6 mmol) and K2CO3 (0.92 g, 6.7 mmol) in acetonitrile (25 mL) was heated under 

20 reflux for 8.5 h. The reaction mixture was diluted with dichloromethane, filtered 
through a pad of Cehte, and concentrated in vacuo. The semi-soUd residue was 
purified by column chromatography on sihca (13x4 cm) using CHCls/MeOH (92:8) 
as eluent. The firee base of the title compound was obtained as a beige viscous oil 
(1.17 g, 54%) which was converted into its maleate salt. Recrystallization fix)m 

25 MeOH/ether furnished 1 .33 g of the title compound as a light yellow powder. HRMS 
}7i/z calcd for C18H25N5O (Mf 327.2059, found 327.2066. Anal. (C18H25N5O • 
C4H4O4) C, H, N. 

EXAMPLE 28 

30 2-[2-(lfl-Indol-l-yl)ethoxy]-6-(l-piperaziiiyl)pyraziiie, Maleate. 
Step 1: 2-(lB-Indol-l-yl)ethanol.* 
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A mixture of indole (5.71 g, 48.7 mmol), ethylene carbonate (4.72 g, 53.6 mmol) and 
K2CO3 (6.73 g, 48.7 mmol) in DMF (20 mL) was heated under reflux for 2 h. The 
reaction mixture was diluted with dichloromethane, filtered, and concentrated in 
vacuo. 

5 The light brown oily residue was purified by chromatography on silica gel (13 x 6 
cm) 

using n-hexane/ethyl acetate (1 : 1) as eluent. This gave 1 .78 g (23%) of the title 
compound as a beige oil. HRTvlS m/z calcd for CjoHnNO (M)"^ 161.0841, found 
161.0849. Anal. (CioHnNO • O.IH2O) C, H, N. *Previously described in a) J. Med. 
10 Chem. 1992, 35, 994-1001; b) ibid. 1998. 41, 1619-1630. 

Step 2: 2-ChIoro-6-[2-(li3-mdol-l-yl)ethoxy]pyrazine. 

K-^-BuO (0.67 g, 5.93 mmol) was added to a stirred solution of the product obtained 
in step 1 above (0.67 g, 5.93 mmol) in dioxane (20 mL) at 0 °C (ice-bath). After 

15 being stirred for 7 min at 0 °C and 5 min at room lemperature, the mixture was 

chilled to 0 °C (ice-bath) and 2,6-dichloropyrazine (2.62 g, 17.6 mmol) was added. 
The yellowish reaction mixture was stirred at 0 °C for 20 min and at room 
temperature for 10 min and then diluted with dichloromethane. Drying (K2CO3), 
filtration, and concentration in vacuo furnished a beige oil. This material was 

20 purified by chromatography on silica gel (13 x 4 cm) using n-hexane/ethyl acetate 
(80:20). This furnished 1.39 g (94%) of the title compound as an oil that soUdified 
upon standing. BPMS miz calcd for C14H12CIN3O (M)' 273.0669, found 273.0671. 
Anal. (C14H12CIN3O) C, H, M 

25 Step 3: 2-[2-(lfl-Indol-l-yl)ethoxy]-6-(l-pipera2inyl)pyrazme, Maleate. 

A mixture of the product firom step 1 above (1.05 g, 3.84 mmol), piperazine (0.96 g, 
11.1 mmol) and K2CO3 (0.53 g, 3.84 mmol) was heated at 85 °C for 7 h. The 
reaction mixture was diluted with CHCI3, filtered, and concentrated in vacuo. The 
semi-soHd residue was purified by chromatography on silica gel (11x4 cm) using 

30 CHCh/MeOH (9:1) as eluent. Tne resulting oil was redissolved in CHCI3 and 

filtered through a short (4 cm) plug of alumina covered by K2CO3 using CHCI3 as 
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eluent. Solvent removal in vacuo furnished 1.02 g (82%) of the free base of the title 
cornpomiu as a beige oil which was converted into its maleate. Recrystallization from 
MeOH/ether fiimished 1 .00 g (75%) of the title compound as a light yellow powder: 
mp 160.5-163 °C. HRMS m/z calcd for C18K21N5O QAf 323.1746, found 323.1757. 
5 Anal. (C18H21N5O • C4H4O4) C, H, N. 

EXAMPLE 29 

2-[2-(l^r-Indoi-3-yi)eihoxyj-6-(l-piperaziuyi)pyraziiie. 
Step 1: 2-Chloro-6-r2-(lH^-indol-3-yl)ethoxyjnyrazine, 

1 0 K-f-BuO (2.32 g, 20.6 mmol) was added to a stirred solution of tryptophol (1 .7 g, 
10.6 mmol) in dioxane (30 mL) at 0 °C (ice-bath). After being stirred for 10 min at 0 
°C and 10 min at room temperature, the mixture was chilled to 0 °C (ice-bath) and 
2,6-dichloropyraziae (1.37 g, 9.17 mmol) was added. The yeUowisli reaction mixture 
was stirred at 0 °C for 30 min and for a further 20 min at room temperature. The 

15 mixture was diluted with dichloromethane,-filtered, and concentrated in vacuo to 
furnish a brownish oil. This material was purified by chromatography on silica gel 
(14 X 5 cm) using ??-hexane/ethyl acetate (75:25). This fixmished 1 .38 g (55%) of the 
title compound as a beige solid. Purity >90%. by 'h NIVIR in CDCI3. 

20 Step 2: 2-[2-(l^-Indol-3-yl)ethoxy]-6-(l-piperazinyI)pyrazine. 

A mixture of the product from Step 1 above (1.07 g, 3.90 mmol), piperazine (0.98 g, 
11.3 mmol) and K2CO3 (0.54 g, 3.9 mmol) in acetonitrile (11 mL) was heated at 85 
°C for 5 h and at 1 10 °C for 8 h in a sealed pyrex flask. The reaction mixture was 
diluted with CHCI3, filtered, and concentrated in vacuo. The semi-solid residue was 

25 purified by chromatography on silica gel (1 1 x 4 cm) using CHCls/MeOH (9: 1) as 
eluent. The resulting oil was redissolved in CHCI3 and filtered through a short plug 
of alumina, covered by K2CO3, using CHCI3 as eluent. Solvent removal vacuo 
fiimished 0.50 g (23V/o) of the title compound as an oil that solidified upon standing: 
mp 133-135 °C. HRIvlS m/z calcd for C18H21N5O (Mf 323.1746, found 323.1763. 

30 Anal. (C18H21N5O) 
C, H,N. 
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EXAIvIPLE 30 

4-[(4-F!iioroben2>'l)oxy]-2-(l-piperaz!Hy!)pyriii!idi!ie, Dihydrochloride. 
K-t-BuO (0.224 g, 2.00 mmol) was added to a solution of 4-fluorobenzyl alcohol 
5 (0.252 g, 2.00 imnol) in ter^-butanol (5.4 mL). After being stirred for 30 min at room 
temperature, 2,4-dichloryrimidine (0.298 g, 2.00 mmol) in tert-hatmol (2 mL) was 
added. The reaction mixture was stirred over night, poured into 5% aqueous NaOH 
and extracted with ethyl acetate. The organic layer was dried (MgS04) and 
concentrated in vacuo. A solution of piperazine (0.516 g, 6.00 rmnol) in THF (5 mL) 
1 0 was added and the resulting mixture was stirred over night. The reaction mixture was 
concentrated and purified by chromatography on siHca using 
diclilorometliane/MeOH (1% HCl) (using gradient 99:1 to 9:1) to give 0.24 g (33%) 
of the title compound. MS m/z 288 (Mf and 5 fragments supportuig the stated 
structure. HRMS m/z calcd for C15H17FN4O (Mf 288.1386, found 288.1378. 

15 . 

EXAMPLE 31 

4-[(2-Methoxybenzyl)oxy]-2-(l-piperazinyl)pyrimidme, Dihydrochloride. 

The title compound was prepared according to the procedure of example 30 starting 
from 2=methoxybenzyl alcohol (0.28 g, 2.0 mmol) to give 0.30 g (40%) of the title 
20 compound. MS m/z 300 (M)* and 3 fragments supporting the stated structure. HRMS 
m/z calcd for C16H20N4O2 (Mf 300.1586, found 300.1586. 

EXAMPLE 32 

4-(Benzyloxy)-2-(l-piperazmyl)pyriinidme, Dihydrochloride. 

25 The title compound was prepared according to the procedure of example 30 starting 
from benzyl alcohol (0.22 g, 2.0 mmol) to give 0.23 g (31%) of the title compound. 
MS m/z 270 (M)"^ and 6 fragments supporting the stated structure. HRMS m/z calcd 
for C15H18N4O (Mf 270.1481, found 270.1488. 

30 EXAMPLE 33 

4-(l-Piperazinyl)-2-{[3-(triflHoromethovy)benzyljoxy}nyriim^ 
Trifluoroacetate. 
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Step 1 : 2-ChlorQ-4-[l-(4-rer^butoxycarbonyl)piperazinyljpyrimidine.* 

1- ^er^Butoxycarbonylpiperazine (3.72 g, 0.02 raol) was added to a stirred solution of 
2,4-dichloropyrimidine (2.98 g, 0.02 rnol) and diisopropyieihyiairjiine (2.58 g, 0.02 
mol) in dichloromethane (200 mL). The reaction mixture was stirred at ambient 

5 temperature for 48 h and then concentrated under reduced pressure. The residue 

obtained was flash-chromatographed over silica using dichloromethane/ether (4: 1) as 
elueait to afford 3.44 g (58%) of the title compound as a colourless solid whose NMR 
and MS spectra were in agreement with the expected structure. MS (ES+) miz 299 
and 301 (M+H)"^. *Previously described in WO 991 1657. 

10 

Step 2: 2-Chloro-4-(l-piperazinyi)pyrimidme.* 

2- Cliloro-4-[l-(4-?e/^/-butnxycarbonyl)piperazinj'l]pyrimidine. (2.00 g, 6.7 ramol; 
obtained in step 1 above) Vv'as dissolved in a 25% v/v solution of trifluoroacetic acid 
in dichloromethane (25 mL). The solution was stirred at room temperature for 40 

15 min then tibe solvent was removed by evaporation under reduced pressure. The oily 
residue was partitioned between ethyl acetate and saturated aqueous sodium 
bicarbonate. The organic extract was dried and evaporated under reduced pressure to 
afford 1.04 g (79%) of the title compound as a colourless solid whose NMR and MS 
spectra were in agreement with the expected structure. MS (ES+) mIz 199 and 301 

20 (M+H)"^. *Previously described in WO 9535293. 

Step 3: 4-(l-Piperazmyi)-2-{[3-(trifluoromethoxy)benzyljoxyipyrimidme, 
Trifluoroacetate= 

A solution of 2-chloro-4-(l-piperazinyl)pyrimidine (0.04 g, 0.2 mmol; obtained in 
25 Step 2 above) and 3-trifluoromethoxybenzyl alcohol (0.077 g, 0.4 ramol) in 

tetrahydrofuran (4.0 ml) was treated with a solution of K-^-BuO in tert-hMtsnsA (IM; 
0.4 mL, 0.4 mmol). The resulting mixture was heated at 70 °C ovemigiht then 
allowed to cool. The solvent was evaporated under reduced pressure then the crude 
reaction mixture partitioned between ethyl acetate (4.0 mL) and water (2.0 mL). The 
30 organic phase was evaporated then purified by preparative C-1 8 HPLC using 
CH3CN/ H.O/TFA (gradient: CH3CN 20?/q to 97%, TFA 0. 1 %) to afford 1 1 mg 
(12%) of the title compound. Purity 85% (HPLC). MS (ES+) mIz 355 (M+H)^. 
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EXAlvIPLE 34 

2-[(3-Metboxybenzyl)oxyj-4-(l-piperazinyl)pyrimidine, Trifluoroacetate. 
The title compoiuad. was prepared according to the procedure of example 33, step 3 
5 starting from 3-methoxybenzyl alcohol (0.055 g, 0.40 mmol) to give 5 mg (6%) of 
the expected product. Purity >90% (HPLC). MS (ES+) m/z 301 (M+H)^. 

EXAJ^IPLE 35 

2-{ [3-(BenzyIoxy)benzylj oxy}-4-(l-piperazmyi)pyi imidine, Trifluoroacetate. 
10 The title compound was prepared according to the procedure of example 33, step 3 
starting from 3-benzyloxybenzyl alcohol (0.086 g, 0.40 mmol) to give 10 mg (10%) 
of the expected product. Purity .>90% (HPLC). MS (ES+) m/z 377 (M+nf. 

EXAMPLE 36 

15 2-[(3-Phenoxybenzyl)oxy]-4-(l-piperazinyl)pyrimidme, Trifluoroacetate. 

The title compound was prepared according to the procedure of example 33, step 3 

starting from 3-phenoxybenzyl alcohol (0.08 g, 0.4 mmol) to give 8 mg (8%) of the 
expected product. Purity > 90% (HPLC). MS (ES+) m/z 363 (M+H)^. 

20 EXAMPLE 37 

2-(2-Naphthylmethoxy)-4-(l-p!peraziny!)pyriinidir!e, Trifluoroacetate. 
The title compound was prepared according to the procedure of example 33, step 3 
starting from 2-naphthylmetbyl alcohol (0.063 g, 0.4 mmol) to give 10 mg (12%) of 
the expected product. Purity >90% (HPLC). MS (ES+) m/z 321 (M+H)^. 

25 

EXMvlPLE 38 

4-(l-PiperaziDyi)-2-{[3-(2-TrifluoromethyI)beuzyijoxy}pyriim 
Trifluoroacetate. 

A solution of. 2-chloro-4-[l-(4-?er^-butoxycarbonyl)piperazinyl]pyrimidine (obtained 
30 in example 33, step 1; 0.04 g, 0.2 mmol) and 2-trifiuorometliyroenzyl alcohol (0.035 
g, 0.20 mmol) in tetraJiydTofiiran (2.0 mL) was treated with K-/-BuO in ?grr-butanol 
(IM; 0.2 mL, 0.2 mmol). The resulting mixture was heated at 65 °C overnight then 
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allowed to cool. The solvent was evaporated under reduced pressure then the crads 
reaction mixtures partitioned between ethyl acetate (4.0 rriL) and water (2.0 rriL). The 
organic phase was evaporated then purified by preparative C-18 HPLC using 
CH3CN/'H20/TFA (gradient: CH3CN 20% to 97%, TFA 0.1%) to afford the BOC 
5 protected product. This material was then dissolved in a 25% (v/v) solution of 
trifluoroacetic acid in dichloromethane (5.0 mL) and allowed to stand at room 
temperature for 30 min. Removal of the solvent under reduced pressure gave 40 mg 
(44 %) of the title compound. Purity >90% (HPLC). MS (ES+) miz 339 (M+H)"^. 

10 EXAMPLE 39 

(25)-l-[6-(Benzyloxy)-2-pyrazmyi]-2-methylpiperaziiie. 
Step 1: (35)-3-Methyl-l-tritylpinerazine. 

To a solution of 2-(S)-methylpiperazine (2.62 g, 26.2 irnnol) in dichloromethane (100 
mL) was trityl chloride (7.30 g, 26.2 mmol) added and the mixture was stirred at 
15 ambient temperature for 1.5 h. The organic phase was washed (x 1) with 1 M 

aqueous K2CO3, water, and brine. Drying (MgS04) and solvent restnoval in vacuo 
furnished a quantitative yield of the title compound as a glassy oil which soUdified 
upon standing. This material was used directly in the next step. 

20 Step 2: (25)-l-(6-Chloro-2-pyrazmyl)-2-methyIpiperaziiie. 

A mixture of 2-6-dichlorop>Tazine (1.10 g, 7.39 mmol), and the product from step 1 
above (2.30 g, 6.72 mmol) and K2CO3 (1.0 g, 7,39 mmol) in dry DMF (40 mL) was 
stirred at 110 °C over night. The dark reaction mixture v/as filtered thj-ough a plug of 
silica and the solvent was removed under reduced pressure. The remaining oil was 
25 dissolved in CHCls/w-heptane (1:1) and filtered through a second plug of silica. The 
solvent was ev^orated and the remaining yellow oil was suspended in EtOH (80 
mL). 

4 M aqueous HCl (2 mL) was added and the mixture was ultrasonicated for 20 min. 
The solvent was evaporated and the remaining oil was taken up between 
30 water/CHCls. The organic phase was made alkaline (1 1 M aqueous NaOH) and 
extracted twice v/ith CHCI3. The combined dried (MgS04) organic layers were 
concentrated in vacuo to afford 0.75 g (54%) of the title compound as a yellow oil. 
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MS miz 212/214 (hlf CqV "ci-isotope pattern). HRMS miz calcd for C9H13CIN4 
(M)^ 212.0829, found 212.0827. 

Step 3: (25)-l-[6-(Benzylo3Ey)-2-pyraziiiyl]-2-methylpiperazine, Acetate. 

5 To a solution of (25)-l-(6-chloro-2-pyrazmyl)-2-methylpiperazine (prepared in step 
2 above; 0.16 g, 0.72 mmol) and benzyl alcohol (0.12 g, 1.1 nunol) in DMF (4 niL) 
was Na-^-BuO (0.14 g, 1.4 nunol) added and the mixture was stirred at 150 °C 
overnight. The solvent v/as evaporated off under reduced pressure and the residue 
taken up between CHCI3/H2O. The organic phase was concentrated and the crude 
1 0 product was purified by preparative C 1 8-HPLC using acetonitrile/H20/HOAc with 
UV detection at 254 nm. Yield: 1 mg (0.4%). MS m/z 284 (M)^- HRMS miz calcd for 
C16H20N4O (Mf 284.1637, found 284.1640. 

EXAMPLE 40 

1 5 (25^-1 -[6-(Benzyloxy)-4-(trifluoromethyl)-2-pyridinyl]-2-methylpiperazine, 

Acetate. 

Step 1 : (25)-l-[6-Chloro-4-(iiiHuoi omethyl)-2-pyridinyI]-2-methylpiperaziue. 

The title compound, obtained as an oil, was prepared from the product of example 
39, step 1 (2.62 g, 7.62 nunol) and 2,6-dichloro-4-trifluororaethylp>'ridine (1.81 g, 
20 8.38 mmol) according to the procedure of example 39, step 2. Yield: 0.24 g (11%). 
MS miz 279/281 (M)"" (^^Cl/ ^^Cl-isotope pattern). HRMS miz calcd for 
CuHbCIFsNj (M)"" 279.0750, found 279.0751. 

Step 2: (25)-l-i6-(Benzyioxy)-4-(trifluoroinethyl)-2-pyridinyl]-2- 
25 methylpiperazine, Acetate. 

The title compund was prepared firom the product of step 1 above (0.24 g, 0.86 
nunol), benzyl alcohol (0.14 g, 1.29 mmol) and Na-r-BuO (0.165 g, 1.72 nunol) 
according to the procedure of example 39, step 3. MS miz 351 (M)^. HRMS miz 
calcd for C18H20F3N3O (M)* 351.1558, found 351.1555. 

30 

EXAMPLE 41 

l-[6-(Benzyloxy)-2-pyra2myij-2-etIiylpiperazine, Acetate. 
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Step 1: l-BenzyI-3-ethyIpiperaziiie.* 

Benzyl bromide (38.7 g, 0.22 mol) was added in portions to a chilled (~ 0 °C) 
solution of 2-ethylpiperazine (25 g, 0.22 mol) in DMF (150 mL) with such a rate that 
tlie temperature did not exceed 20 °C. The mixture was stirred for 1 h, the solvent 
5 was evaporated and the residue was partitioned between CHCI3/O.5 M aqueous HCl. 
The aqueous phase was made alkaUne (1 1 M NaOH) and extracted three times with 
CHCI3. The combined organic phases were dried (MgS04) and concentrated. The 
resulting oil was purified by column chromatography on silica using CHCI3, 
followed by CHClsMeOH/JNTuOH (95:5:0.3) as eluents to give 31.6 g (70%) of the 
10 title compound as a yellowish oil. Anal. (C13H20N2) H, N; C: calcd, 76.42; found, 
75.85. *Described in WO 00/76984. 

Step 2: 4-BenzyH-(6-chIoro-2-pyrazmyl)-2-ethylpiperazine= 
The title compound was prepared according to the procedure of example 39, step 2, 
15 starting from the product obtained in step 1 above (4.60 g, 22.5 mniol), 2,6- 

dichloropyrazine (3.90 g, 26.2 mmol) and K2CO3 (6.22 g, 45.0 nmiol). Yield: 6.15 g 
(86%). MS miz 316/318 (Mf (^^Cl/ ^"^Cl-isotope pattern). HRMS miz calcd for 
C17H21CIN4 (M)* 316.1455, found 316.1455. 

20 Step 3: l-(6-Chioro-2-pyrazrayi)-2-ethyipiperazine. 

l-Choroethyl chloro formate (4.16 g, 29.1 nmiol) was added dropwise under 2 h to a 
stirred solution of the product obtained in step 2 above (6.15 g, 19.4 mmol) in dry 
dichloromethane (75 mL) at 0 °C. After being stirred at room temperature for 15 h, 
the reaction mixture was concentrated in vacuo and methanol was added. The 

25 mixture was heated at reflux for 2 h and concentrated. The residue was dissolved in 
CHCI3 and passed Uurough a short (4 cm) plug of silica gel using CHCls/MeOH (8:2) 
as eluent. Solvents were evaporated off and the residue was purified by 
chromatography on sihca gel (12 x 5 cm) using CHCls/MeOH/EtsN (95:5:0.2) as 
eluent. This provided 1.9 g (43%) of the title compound as an oil. MS miz 226/228 

30 (M)^ rev "Cl-isotope pattern). HRMS miz calcd for C10H15CIN4 (M)* 226.0985, 
found 226.0986. 
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Step 4: l-f6-(Benzyioxy)-2-pyrazinyi]-2-ethyipiperazine, Acetate. 
The title compund was prepared according to the procedure of example 39, step 3, 
starting from the product of step 3 above (0.163 g, 0.72 mmol), benzyl alcohol (0.12 
5 g, 1 .08 mmol) and Na-NBuO (0.14 g, 1 .4 mmol). Purity 90% (HPLC). MS m/z 298 
(Mf. HRMS m/z calcd for C17H22N4O (M)^ 298.1794, found 298.1802. 

EXAMPLE 42 

2-[(4-FluorobenzyI)oxyj-6-(l-piperaziuyl)pyrazine. 

1 0 4-Fluorobenzyl alcohol (0. 1 89 g, 1 .50 mmol) was dissolved in THE (1 mL) and 
treated with NaH (0.065 g, 55% dispersion in mineral oil, 1.5 mmol). The reaction 
mixture was stirred at room Lemperature for 3 h. A solution of 2,6-dichlorop>Tazine 
(1 .57 g, 10.5 mmol) in THE (7 mL) was added and the resulting mixture was stirred 
for 4 h at room temperature. Piperazine (0.580 g, 6.75 mmol) and K2CO3 (0.43 g, 4.5 

1 5 irmiol) were added and the mixture was stired at 60 °C pver night. Filtration, ' 
concentration, and purification by chromatography on silica gel using ethyl 
acetate/acetic acid/methanol/water (24:3:3:2) as cluent furnished 0.20 g (46%) of the 
title compound as a white solid: mp 183 °C. HRMS m/z calcd for C15H17FN4O (M)"^ 
288.1386, found 288.1380. Anal. (C15H17FN4O • 2.6H2O) C, H, N. 

20 

EXAMPLE 43 

2-[(4-Methoxybenzyl)oxy]-6-(l-piperazmyl)pyrazme, Acetate. 

The title compound was prepared according to the procedure of example 42 starting 

ixom 4-methoxybenzyl alcohol (0.207 g, 1.50 mjnol) and was isolated as a yellow 
25 solid. Yield: 0.79 g (67%). HRMS m/z calcd for C16H20N4O2 (M) ^ 300.1586, found 
300.1584. 

EXAMPLE 44 

2-[2-(4-FIuorophenyl)ethoxy]-6-(l-piiieraziiivijPvraziiie, 0.5 Acetate. 

30 

The title compound was prepared according to the procedure of exarnple 42 starting 
jfrom 2-(4-fluorophenyl)ethanol (0.210 g, 1.50 mmol) and was isolated as a yellow 
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solid. Yield: 0.145 g (27%). HRMS mk calcd for C16H19FN4O (M) 302.1543, 
found 302.1554. Anal. (C16H19EN4O • O.5CH3COOH • H2O) C, H, N. 

EXAMPLE 45 

5 2- [2-(3-Methoxyphenyl)ethoxy]-6-(4-piperidmyIoxy)pyrazine. 

Step 1: tert-Butyl 4-[(6-chloro-2-pyrazinyl)oxy]-l-piperidiiiecarboxylate. 

Amixtare of 2,6-dichlorop>Tazine (5.00 g, 33.6 mmol), teri-butyl 4-hydroxy-l- 
piperidinecarboxylate (6.76 g, 33.6 mmoi) and K-r-BuO (1 M in rm-butanol; 35 mL, 
35 mmol) in EtsN (200 mL) was stirred at room temperature for 12 h. The reaction 
10 was quenched with water (50 mL) and concentrated in vacuo. The residue was 

dissolved in ethyl acetate, washed with saturated aqueous KH2PO4, dried (MgS04), 
and concentrated in vacuo. The residue was recrystallized from ethanol/water to give 
9.50 g (90 %) of the title compound as a white soHd: mp 86-87 "C; MS w/z 313 (M)*. 
Anal. (C14H20CIN3O3) C, H, N. 

15 

Step 2: 2-Chloro-6-(4-piperidinyloxy)pyrazine. 

Aqueous 3.0 M HCI (12 mL) was added to a solution of the product obtained in Step 
1 above (5.00 g, 15.9 mmol) in methanol (200 mL). The reaction mixture was stirred 
at 50 °C for 5 h and concentrated in vacuo. The residue was dissolved in water (50 
20 noL) and basified with K3PO4. The aqueous phase was extracted with ethyl acetate (5 
X 40 mL), dried (MgS04), and concentrated in vacuo. This gave 3.08 g (91%) of the 
title compound as a colorless oil which slowly decomposed upon standing. HRMS 
m/z calcd for C9H12CIN3O (M)"*" 213.0669, found 213.0663. 

25 Step 3: 2-[2-(3-Methoxypheiiyl)ethoxy]-6-(4-piperidmyloxy)pyrazine. 

A solution of the product obtained in Step 2 above (0.043 g, 0.20 mmol) in DMF (1.1 
mL) was added to a mixture of 3-methoxyphenethyl alcohol (0.061 g, 0.40 mmol) 
and K-r-BuO (1.0 M in ter?-butanol; 0.4 mL, 0.40 mmol) in DMF (0.8 mL). The 
reaction mixture was vortexed for 16 h at 50 °C under nitrogen, quenched wilh water 
30 (0.1 mL) and concentrated in vacuo. The residue was partitioned between water (2 
mL) and 4 ethyl acetate (4 mL) and poured through a hydromatrix column, which 
was elated with ethyl acetate/EtsN (95:5). Solvents were evaporated off and the 
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residue was dissolved in methanol/water (50 mL) and loaded onto a conditioned 
weak cation exchange SPE coiunm (1 g, Ambeiiyst CG-50 I). The colmrm was 
washed with water (10 mL) and methanol (10 mL). The com.poimd was eluted with 
aqueous 2.0 M NH3 in methanol (20 m) and concentrated in vacuo. The residue was 
5 analysed for identity and purity by LC-UV/MS. Yield: 8 mg (12%). HRMS m/z calcd 
for C18H23N3O3 (M)"^ 329.1739, found 329.1743. 

EXAMPLE 46 

2-(2-Phenylethoxy)-6-(4-piperidiiiyioxy)pyrazine. 
10 The title compound was prepared according the procedure of example 45, step 3, 
starting from 2-phenylethanol (49 mg, 0.40 mmol). The product was analysed for 
identity and purity by LC-L^/MS. Yield: 7 mg (12%). HRMS m/z calcd for 
C]7H2iN302 (M)"^ 299.1634, found 299.1630. 

15 EXAMPLE 47 

2-(3-Phenoxypropoxy)-6-(4-piperidmyloxy)pyrazine. 

The title compound was prepared according the procedure of example 45, step 3, 
starting from 3-phenoxy-l-propanol (61 mg, 0.40 mmol). The product was analysed 
for identity and purity by LC-Lr\//MS. Yield: 28 mg (43%). HRMS m/z calcd for 
20 C18H23N3O3 (M) ^ 329.1739, found 329.1743. 

EXAMPLE 48 

2-[(5-Phenylpentyl)oxy]-6-(4-piperidmyloxy)pyraziiie. 

The title compound was prepared according the procedure of example 45, step 3, 
25 starting from 5-phenyl-l -pentauol (66 mg, 0.40 mmol). The product was analysed for 
identity and purity by LC-UV/MS. Yield: 17 mg (25%). 

EXAJvIPLE 49 

2-{[3-(Benzyioxy)benzyi]oxy}-6-(4-piperidinyioxy)pyrazme. 
30 The title compound was prepared according the procedure of example 45, step 3, 
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Starting from 3-benzyloxybenzyl alcohol (86 mg, 0.40 mmol). The product was 
analysed for identity and purity by LC-UV/ivIS. Yield: 43 mg (55%). HRIvIS m/z 
calcd for C23H25N3O3 (M)"" 391.1896, found 391.1905. 

5 EXAMPLE 50 

2-[l-(2-Methoxyphenyl)ethoxy]-6-(l-piperazinyl)pyrazine. 
Step 1: 2-Chloro-6-[l-(2-methoxyphenyl)ethoxy]pyrazine. 

K-^-BuO (0.67 g, 5.97 mniol) was added to a stirred solution of l-(2- 
methoxyphenyl)ethanol (0.96 g, 6.28 rmnol) in dioxane (15 mL) at 0 °C (ice-bath). 

1 0 After 5 min of stirring at room temperature, the reaction mixture was chilled to 0 °C 
(ice-bath) and 2,6-dichlorop>'razine (0.78 g, 5.23 mmol) was added whereupon the 
reaction mixture turned yellow. After being stirrred for 35 min, dichloromethane and 
K2CO3 were added and the mixture was filtered. Concentration in vacuo furnished a 
yellow oil that was purified by silica gel chromatography (15x4 cm) using w-hexane 

15 ethyl acetate (8:2) as eluent. This gave 1.21 g (92%) of the title compound as a 

coloriess oil. HRMS miz calcd for C13H13CIN2O2 (M)"" 264.0666, found 264.0677. 
Anal. (C13II13CIN2O2) C, H, N. 

Step 2: 2-[l-(2-Methoxyphenyl)ethoxy]-6-(l-piperazinyl)pyrazine. 

20 A mixture of the product from step 1 above (0.93 g, 3.53 nmiol) piperazuie (0.88 g, 
10.2 namol) and K2CO3 (0.49 g, 3.53 mmol) in acetonitrile (7 mL) was heated in a 
sealed pyrex flask at 90 °C for 6.5 h. The reaction mixture was diluted with 
dichloromethane, filtered and concentrated in vacuo. The semi-solid residue was 
purified by silica gel chromatography (13 x 4 cm) using CHCls/ivleOH (9:1) as 

25 eluent. Solvents were evaporated off and the remaining oil was redissolved in 

CHCI3, filtered through a short plug of alumina, covered with K2CO3, using CHCI3 
as eluent. Solvent removal in vacuo gave 0.74 g (67%) of the title compound as a 
beige oil. HRMS mIz calcd for C17H22N4O2 (M)"" 314.1743, found 314.1733. Anal. 
(C17H22N4O2 • O.5H2O) C, H, N. 

30 

EXAMPLE 51 
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1 - {6-(BenzyIoxy)-2-pyraziByl] -^r««s-2,5-dija8thy!pip8r azine. 
Step 1 : l-(6-Chioro-2-pyrazinyi)-rraii*-2,3-dimethyipiperazine. 
A mixture of 2,6-dichloropyrazine (0.40 g, 2.68 mmol), tm?L^-2,5-dimethylpiperazine 
(0.62 g, 5.43 rnmol), K2CO3 (0.41 g, 3.0 mmol) in acetonitrile (5 niL) was stirred at 
5 90 "C for 6 h in a sealed pyrex tube. After cooling, the reaction mixture was filtered 
and concentiated in vacuo. The oily residue was purified by column chromatography 
on silica gel using CHClaMeOH (9:1) as eluent. This furnished 0.15 g (25%) of the 
title compound as an oil. HRMS mJz calcd for C10H15CIN4 (M)"^ 226.0985, found 
226.0983. 

10 

Step 2: l-[6-(BenzyIoxy)-2-pyrazinyl]-^ra«s-255-dimethylpiperazine. 

The title compound was prepared according to the procedure of example 20, starting 
fi-om l-(6-chloro-2-pyrazinyl)-^ra«j-2,5-dimethylpiperazine (1.23 g, 5.40 mmol; 
obtained in step 1 above), benzyl alcohol (8.36.g, 77.3 mmol), and K-^-BuO (1.99 g, 
15 17.7 mmol). The reaction mixture was heated at 95 °C for 5.5 h. The yield of the title 
compound was 0.47 g (29%) which was obtained as an oil. Purity 99% (HPLC). MS 
miz 298 (M)^ HRMS m/z calcd for .C17H22N4O (M) * 298.1794, found 298.1798. 

EX.AJ'.IPLE 52 

20 2- [2-(2,3-Dimethoxyphenyl)ethoxy]-6-(l-piperazinyl)pyrazine, Maleate. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[2-(2,3-dimethoxyphenyl)ethoxy]pyraziae [0.65 g, 2.2 
mmol; obtained according to the procedure of example 50, step 1, starting from 2- 
(2,3-dimethoxyphenyl)ethan-l-ol], piperazine (0.57 g, 6.7 mmol) and K2CO3 (0.31 g, 
25 2.22 mmol). The free base of the title compound was converted into its maleate salt. 
Recrystallization from MeOH-ether furnished 0.45 g (44%) of the title compound. 
Purity 98% (HPLC). MS mIz 345 (M + Kf. HRMS mlz calcd for C18H24N4O3 (M)^ 
344.1848, found 344.1861. 

30 EXAMPLE 53 

2- [2-(2-Fluorophenyl)ethoxyl-6-(l -piperazinyl)pyra2me, Maleate. 
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The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[2-(2-fluorophenyl)ethoxy]p>'razine (2.76 g, 10.9 mmol; 
obtained according to the procedure of example 50, step 1, starting uorn 2- 
fluorophenethyi alcohol), piperazine (2.91 g, 33.8 mraol) aadK2C03 (1.51 g, 10.9 
5 mmol). The yield of the free base of the title compound was 1 .88 g (57%) which was 
converted into its maleate salt. Recrystallization from MeOH-ether ftimished 2.1 1 g 
of the title compound. Purity 100% (HPLC). MS miz 303 (M + H)^. HRMS miz calcd 
for C16H19FN4O (M)"" 302.1543, found 302.1550. 

10 EXAMPLE 54 

2-[(2,3-DimethoxybenzyI)oxj']-6-(l-piper3Z!ay!)pyrazine. 

The title compound was prepared according to the procedure of example 50, step 2, 

starting from 2-chloro-6-[(2,3-dimethoxyben2;yl)oxy]pyrazine (2.51 g, 8.93 mmol; 

obtained according to the procedure of example 50, step 1, starting from 2,3- 
1 5 dimethoxybenzyl alcohol), piperazine (2.38 g, 27.7 mmol) and K2CO3 (1 .23 g, 8.9 

mmol). The yield of the title compound was 1.66 g (56%) which was obtained as an 

oil. Purity 1 nO% (TTPiA"). MS miz 331 (M + H)\ HRMS miz calcd for C17H22N4O3 

(M) ' 330.1692, found 330.1690. 

20 EXAMPLE 55 

2-(2,3-Bihydro-liy-indeH-l-yIinethoxy)-6-(l-piperaziByl)pyraziae, Maieate. 
The title compound was prepared according to the procediire of example 50, step 2, 
starting from 2-chloro-6-(2,3-dihydro-l//-inden-l-ylmethoxy)pyrazine (3.22 g, 13.1 
mmol; obtained according to the procedure of example 50, stqp 1, starting from 1- 

25 indanol), piperazine (3.49 g, 40.5 mmol) and K2CO3 (1.8 g, 13.0 mmol). The yield of 
the free base of the title compound was 2.19 g (57%) which was obtained as an oil. 
The free base was converted into its maleate salt. Purity 100% (HPLC). MS miz 296 
(M)*. HRMS miz calcd for C17H20N4O (M)"" 296.1637, found 296.1643. 



30 EXAMPLE 56 

2-(4-Phenoxybuioxy)-6-(l-piperazmyl)pyraziiie. 
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The title compound was prepared according to the proceditre of example 50, step 2, 
starting from 2-chloro-6-(4-phenoxybutoxY)pyrazine (1.99 g, 7.14 mmol; obtained 
according to the procedure of example 50, step 1, starting from 4-phenoxy-1- 
butanol*), piperazine (1.84 g, 21.4 mmol) and K2CO3 (0.99 g, 7.14 mmol). The yield 
5 of the title compound was 1 .52 g (65%) which was obtained as an oil. Purity 1 00% 
(HPLC). MS m/z 329 (ivi + H)"^. HRlvIS m/'z calcd for C18H24N4O2 (IvI)* 328.1899, 
found 328.1894. *Prepared by reduction (LiAln4) of the corresponding acid {cj. J. 
Org. Chem. 1965. 30, 2441-2447; ihid. 1968. 33, 2271-2284). 

10 EXAMPLE 57 

2-[(5-Pheiioxypentyl)oxy]-6-(l-piperaziiiyl)pyraziiie. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[(5-phenoxypentyl)oxy]pyrazuie (2.06 g, 7.03 mmol; 
obtained according to the procedure of example 50, step 1, starting from 5-phenoxy- 

15 1-pentanol*), piperazine (1.88 g, 21.8 mmol) and K2CO3 (0.97 g, 7.03 mmol). The 
yield of the title compound was 1.15 g (48%) which was obtained as a white solid. 
Purity 100% (HPLC). MS miz 343 (M + H)^. HRMS miz calcd for C19H26N4O2 (M)"" 
342.2056, found 342.2054. *Described in. J. Org. Chem. 1968. 33, 2271-2284. 

20 EXAMPLE 58 

2- [(2,5-Diinethoxybenzyl)oxy] -6-(l -piperazmyOpyrazine. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[(2,5-dimethoxyben2yl)oxy]pyrazine (1.02 g, 3,63 mmol; 

obtained according to the procedure of example 50, step 1, starting from 2,5- 
25 dimethoxybenzyl alcohol), piperazine (0.94 g, 10.9 mmol) and K2CO3 (0.50 g, 3.63 
mmol). The yield of the title compound was 0.64 g (53%) which was obtained as a 
beige solid. Purity 100% (HPLC). MS m/z 331 (M + H)"". HRMS miz calcd for 
C17H22N4O3 (M)"^ 330.1692, found 330.1692. 



30 EXAMPLE 59 

2-[2-(3,4-Dimethoxypheiiyl)ethoxy]-6-(l-piperazinyl)pyrazme,Maleate. 
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The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[2-(3,4-dimeihoxypheiryi)ethoxy]pyrazine [2.13 g, 7.23 
mmol; obtained according to the procedure of example 50, step I, starting from 2- 
(3,4-dimet}ioxyphenyl)etlian-l-ol], piperazine (1.93 g, 22.4 mmol) audK2C03 (1.0 g, 
5 7.2 mmol). The yield of the title compound was 1 .72 g (69%) which was obtained as 
a beige oil. Pxirity 100% (HPLC). MS m/z 345 (M + Uf. The free base was 
converted into ints maleate salt. HRMS m/z calcd for C18H24N4O3 (M)^ 344.1848, 
found 344.1832. 

10 EXAMPLE 60 

2-{[2-(2-Phenylethyl)ben2ylloxy}-6-(l-piperazinyl)pyrazme. 

The title compoimd was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-{[2-(2-phenylethyl)benzyl]oxy}pyrazine (1,72 g, 5.30 
mmol; obtained according to the procedure of example 50, step 1, starting from 2- 
1 5 phenethylbenzyl alcohol), piperazine (1.37 g, 1 6,0 mmol) and K2CO3 (0.73 g, 5 .3 
mmol). The yield of the title compound was 1.38 g (69%) which was obtained as an 
oil. Purity 100% (HPLC). MS nilz 375 (M + H)"'. HRMS m/z calcd for C23H26N4O 
(M)"" 374.2107, found 374.2113. 

20 EXAMPLE 61 

2-[(3-Phenoxybeii2yI)oxy]-6-(l-piperazinyl)pyrazine. 

The title compoimd was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[(3-phenoxybenzyl)oxy]pyra2:ine (1.99 g, 6.36 mmol; 
obtained according to the procedure of example 50, step 1, starting from 3- 
25 phenoxybenzyl alcohol), piperazine (1 .94 g, 22.5 mmol) and K2CO3 (0.88 g, 6.4 

rrmiol). The yield of the title compound was 1 ,58 g (69%) which was obtained as an 
oil. Purity 100% (HPLC). MS m/z 363 (M + Hf. ESMS m/z calcd for C21H22N4O2 
(M)^ 362.1743, found 362.1739. 

30 EXAMPLE 62 

(2i?)-l-[6-(BenzyIoxy)-2-pyrazinyl]-2-methylpiperazine, Maleate. 
Step 1: (3if)-3-Methyl-l-tritylpiperazme. 
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The title compound was prepared according to the procedure of Example 39, step 1, 
with trie exception that (2i?)-nieihylpiperazine was substituted for (2S)- 
methylpiperazine. The title compound was obtained as a light yellow crispy solid. 

5 Step 2: (2i{)-l-(6-ChIoro-2-pyrazmyF)-2-methyIpiperazine, Maleate. 

A mixture of 2.6-dichloropyrazine (2.33 g, 15.7 mmol), the product frona step 1 
above (5.11 g, 14.9 mmol) and K2CO3 (3.09 g, 22.4 nmiol) in dry DMF (50 mL) was 
stirred at 120 °C for 7.5 h. The dark reaction mixture was diluted with ether and 
solids were ilitereu off. The jaiter cake was washed with CHCI3. The filtrate was 

10 concentrated under reduced pressure. The residue was redissolved in CHCI3 (150 
mL) and 5M aqueous HCl (20 mL) was added and the mixture was stirred at room 
temperature 8.5 h. A solution of 5 M aqueous NaOH (25 mL) was added carefully 
and the layers were separated. The aqueous layer was extracted with CHCI3 (2 x 150 
mL). The combined, dried (K2CO3), organic phases were concentrated in vacuo. The 

15 brownish oily residue was punfied by silica gel chi'omatography (bed size: 11x6 
cm) using CHCls/MeOH (92:8) as eluent. The yield of the free base of the title 
compound was 1.74 g (55%) which was obtained as a tan colored oil. A portion (0.41 
g, 1.9 mmol) of the free base was converted into its maleate salt. Purity 99% 
(HPLC). HRMS miz calcd for C9Hi3CrN4 (M)"" 212.0829, found 212.0819. 

20 

Step 3: (2if)-l-[6-(Benzyloxy)-2-pyrazinyl]-2-methylpiperazinej Maleate. 

K-r-BuO (2.07 g, 18.4 mmol) was added to a mixhire of (zit)- l-(6-chioro-2- 
pyrazinyl)-2-methylpiperazine (prepared in step 2 above; 1.31 g, 6.15 mmol) and 
benzyl alcohol (10,0 g, 92.5 mmol). After being stined for 7 h at 95 °C, the mixture 
25 was applied onto a bed of sihca (12x6 cm). Elution with CHCls/MeOH (97:3 

followed by 92:8) flimished 1.44 g (82%) of the free base of the title compound as a 
light yellow oil. The free base was converted into its maleate salt. Purity 99% 
(HPLC). MS mIz 284 (Mt. HRMS m/z calcd for C16H20N4O (Mt 284.1637, found 
284.1633. 

30 

EXAMPLE 63 
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(2x^)-l-[6-(BeKz;>loxy)-4-(triflaoroniethyl)-2-pyridiBy!]-2-inethy!piperaziae. 
The title cornpomid was prepared according to the procedure of example 40 with the 
exceptions that (2/?)-methylpiperazine was substituted for (2jS)-rnethyipiperazine in 
step 1 and that A'^deprotection (A^'-detritylation) in stsp 2 was carried out using 
5 triflUoroacetic acid in dichloromethane (3 : 1). MS m/z 352 (M + Uf. HRMS m/z 
calcd for C18H20F3N3O (M)^ 351.1558, foimd 351.1549. 

EXAMPLE 64 

(2j^)-l-[6-(Benzy[oxy)-2-pyridinyl}-2-ittethylpiperazme. 
10 The title compound was prepared according to the procedure of example 39 with the 
exceptions that (2i?)-methylpiperazine was substituted for (25)-methylpiperazine in 
step 1, and that 2,6-dichlorop>Tidine was substituted for 2,6-dichlorop>Tazine in step 
2, and further that iV-deprotection (A^-detritylation) in step 2 was carried out using 
trifluoroacetic acid in dichloromethane (3:1). MS m/z 284 (M + H)'*'. 

15 

EXAMPLE 65 

2-(l -Piperazmyl)-6-{ P-(l/r-pyrroH-yl)-2-thieiiyl] methoxyjpyrazine. 
Step 1: 2-Chloro-6-{[3-(lfl^pyrrol-l-yl)-2-thienyI]methoxy}pyrazine. 

The title compound was prepared according to the procedure of example 50, step 1, 
20 starting from 3-(pyn:ol-l-yl)thiophene-2-methanol (2.5 g, 14 mmol), K-i-BuO (1 .43 
g, 12.7 mmol) and 2,6-dichlorop}'razine (1.73 g, 11.6 mmol). The >'ield of the title 
compound was 3.05 g (90%) and was obtained as an oil. Anal. (CisHioClNsOS) C, 
H,N. 

25 Step 2: 2-(l-Piperazinyl)-6-{[3-(ljff-pyrrol-l-yl)-2-thienyl]methoxy}pyrazine. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from the product obtained in step 1 above (1.78 g, 6.10 mmol), piperaziae 
(1.58 g, 18.3 mmol) and K2CO3 (0.86 g, 6.2 mmol). The yield of the title compound 
was 1.43 g (69%) and was obtained as a beige solid. HRMS m/z calcd for 
30 C17H19N5OS (M)^ 341.1310, found 341.1301. 



wo 02/40456 



-59- 



PCT/SEOl/02569 



EXA:v{PLE 66 

2-{[3-(Benzyioxy)benzyi]oxy}-6-(l-piperazmyi)p:vraziu 
Step 1: 2-{[3-(Benzyloxy)benzy!}oxy}-6-chloropyrazine. 
The title compound was prepared according to the procedure of example 50, step 1, 
5 starting from 3-benzyloxybenzyl alcohol (3.46 g, 16.2 mmol), K-?-BuO (1.69 g, 15.1 
mmol) and 2,6-dichloropyrazine (1.97 g, 13.2 mmol). The yield of the title 
compound was 2.64 g (61%) and was obtained as a semisoHd. Anal. (Ci!jHi5ClN202) 
C,H,N. 

10 Step 2: 2-{[3-(Benzyloxy)benzyl]oxy}-6-(l-piperazmyl)pyrazme. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from the product obtained in step 1 above (1.62 g, 4.96 mmol), piperazine 
(1.28 g, 14.9 mmol) and K2CO3 (0.70 g, 5.1 mmol). The yield of the title compound 
was 1.16 g (62%) and was obtained as an oil. HRMS m/z calcd for C22H24N4O2 (M) 
15 +376. 1899, found 376. 1890. Anal. (C22H24N402)C,H,N. 

EXAMPLE 67 

2-(l-Piperazinyl)-6-[3-(2-pyridinyl)propoxy]pyrazine, Maieate. 
Step 1: 2-Chloro-6-[3-(2-pyridiayl)propoxy]pyraziae. 
20 The title compound was prepared according to the procedure of example 50, step 1 , 
starting from 2-pyridinepropanol (4.08 g, 29.7 mmol), K-^-BuO (3.17 g, 28.3 mmol) 
and 2,6-dichloropyrazine (3.69 g, 24.8 mmol). The yield of the title compound was 
5.18 g (84%) and was obtained as an oil. Anal. (C12H12CIN3O) C, H, N. 

25 Step 2: 2<l-Piperazmyl)-6-[3-(2-pyridmyl)propoxylpyrazine, Maieate. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from the product obtained in step 1 above (1 .80 g, 7.20 nmiol), piperazine 
(1.87 g, 21.6 mmol) and K2CO3 (1,0 g, 7.2 mmol). The free base (1.23 g) of the title 
compound was converted into its maieate. RecrystaUization from MeOH-ether 
30 furnished 1 .32 g (38%) of the title compound. HRMS m/z calcd for C16H21N5O (M) * 
299.1758, found 299.1748. Anal. (C16H21N5O • I.5C4H4O4 • O.5H2O) C, H, N. 
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EXAMPLE 68 

2-[(3,5-Dirnetuoxybeuzyi)oxyj-6-(l-piperaziDyi)pyra Maieate. 
Step 1: 2-Chloro-6-r(3,5-dimethoxyhenzyl)oxyjpyrazine. 
The title compomid v/as prepared according to the procedure of example 50, step 1, 
5 starting from 3,5-dimethoxybenzyl alcohol (2.16 g, 12.8 mmol), K-?-BuO (1.34 g, 
1 1 .9 nunol) and 2,6-dichloropyrazine (1 .59 g, 10.7 mmol). The yield of the title 
compound was 2.56 g (84%) and was obtained as a white solid. HRMS m/z calcd for 
C13H13CIN2O3 (M) 280.061 5, found 280.0627. Anal. (C13H13CIN2O3) C, H, N. 

10 Step 2: 2-[(3,5-Dimethoxybeiizyl)oxy]-6-(l-piperazinyl)pyraziiie, Maieate. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from the product obtained in step 1 above (1.26 g, 4.50 mmol), piperazine 
(1.12 g, 13.0 nmiol) and K2CO3 (0.62 g, 4.5 mmol). The free base (1.14 g) of the title 
compound was converted into its maieate salt. Recrystallization from MeOH-ether 
15 ftimished 1.05 g (68%) of the title compound: mp 134-137 °C. HRMS m/z calcd for 
C17H22N4O3 (M)"" 330.1692, found 330.1699. Anal. (C17H22N4O3 • C4H4O4) C, H, 
N. 

EXAlvIFLE 69 

20 2-[2-(4-Methoxyphenyl)ethoxy]-6-(l-piperazinyl)pyrazine5 Maieate. 
Step 1: 2-Chloro-6-[2-(4-methoxyphenyl)ethoxy]pyraz!ne. 
The title compound was prepared according to the procedure of example 50, step 1, 
startmg from 4-methoxyphenethyl alcohol (1.99 g, 13.1 mmol), K-^-BuO (1.34 g, 
12.0 mmol) and 2,6-dichloropyra2ine (1.56 g, 10.5 mmol). The yield of the title 

25 compound was 2.14 g (77%) and was obtained as a white solid. Anal. 
(C,3Hi3ClN202)C,H,N. 

Step 2: 2-[2-(4-Methoxynhenyl)ethoxy]-6-(l-nipprazinyl)pyrazme, Maieate. 
The title compound was prepared according to the procedure of example 50, step 2, 
30 starting from the product obtained in step 1 above (1.31 g, 4.95 mmol), piperazine 

(1 .24 g, 14.4 mmol) and K2CO3 (0.68 g, 4.9 mmol). The free base (1.29 g) of the title 
compound was converted into its maieate salt. Recrystallization from MeOH-ether 
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famished 1.41 g (79%) of the title compound: mp 149-151 "C. HRJvlS m/z calcd for 
C.7H22N4O2 {My 314.1743, fbimd 314.1727. Anal. (C17H22N4O2 • C4H4O4) C, H, 
N. 

5 EXAMPLE 70 

2-[2-(4-Methyl-l,3-thiazol-5-yl)ethoxy]-6-(l-piperazinyl)pyrazine, Acetate. 

The title compound was prepared according to the procedure of example 42 starting 
from 4-methyl-5-hydroxyethyl thiazole (0.215 g, 1.50 mmol) and was isolated as a 
brown oil. Yield: 0.41 g (66%). HRMS m/z calcd for C14H19N5OS (M)" 305.1310, 
10 found 300.1325. Anal. (C14H19N5OS • I.5CH3COOH • O.7H2O). 

General procedure for synthesis of the title compounds described in 

Examples 71-96, 

To the appropriate alcohol or thiol (1.8 mmol) in dry DMF (5 mL) was added Na-f- 
15 BuO (1 .20 ml, 2.5 M in DMF) and the mixture was stirred at room temperature for 
15 minutes. To the mixture was added a solution of the appropriate piperazino- 
substituted chloro heterocycle (0.625 mL, 2.0 M in DMF) and the mixture were 
stirred at 100 °C for 5 h. The reactions were quenched with water (0.2 mL) and the 
solvent was removed under reduced pressure. The residue was taken up in 
20 water/CHCls (20:80; 5 mL) and applied onto a column of Hydromatrix (40 mL) to 
which water (5 mL) had been added. Elution with CHCI3 (4x8 mL) fiimished the 
crude products. Concentration under reduced pressure and purification of the 
residues by preparative HPLC furnished the desired products as their acetic acid 
salts. 

25 

EXAMPLE 71 

2-[2-(3-Methoxyphenoxy)ethoxy]-6-(l-piperazinyl)pyra2ine, Acetic acid salt 

Starting materials, 2-chloro-6-(l-piperazinyl)pyrazine*, and 2-(3-methoxyphenoxy)- 
ethanol. Purity 90% (HPLC). Fragmeaating mass analysis supports the stated 
30 structure. HRMS m/z calcd for C17H22N4O3 (Mf 330.1692, found 330.1681. 
*Obtained in Example 13, step 2. 
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EXA^vlPLE 72 

2-[2-(2,6-Difiuoropuenoxy)etuoxy]-6-(l-piperaziuyl)py Acetic acid sail. 

Starting materials, 2-chloro-6-(l-piperazinyl)pyrazine and 2-(2,6-difluorophenoxy)- 
ethanol. Fragmenting mass analysis supports the stated sfcracture. Purity 90% 
5 (HPLC). HRMS mk calcd for C16H18F2N4O3 (M)"^336.1398, found 336.1403. 

EXAMPLE 73 

2-[2-(Ouinoiin-8-yioxy)ethoxy]-6-(l-piperaziayi)pyrazine, Acetic acid salt. 
Starting materials, 2-chloro-6-(l-piperazinyl)pyrazine and 2-(qijinolin-8- 
10 yloxy)ethanol.* 

Fragmenting mass analysis supports the stated structure. Purity 90% (HPLC). HRMS 
mk calcd for C19H21N5O2 (M)"^ 35 1.1695, found 351.1683. *Described in WO 
00/76984. 

15 EXAMPLE 74 

2-[(2if)-2,3-Dihydro-l,4-benzodioxiii-2-ylmethoxy]-6-(l-piperazmyl)pyraziiie, 
Acetic acid salt. 

Starting materials, 2-chIoro-6-(l-piperazinyl)pyrazine and (2i2)-2-hydrox>'methyl 
1,4-benzouioxan*. Fragmenting mass analysis supports the stated stracture. Purity 
20 90% (HPLC). HRMS m/z calcd for C17H20N4O3 (M)^ 328.1535, foimd 328.1524. 
♦Described in Tetrahedron Lett. 1988. 29, 3671-4. 

EX^AJvlPLE 75 

2- [2-(2-Naphthyloxy)ethoxy]-6-(l-piperazinyl)pyrazine, Acetic acid salt. 

25 Starting materials, 2-chloro-6-(l -piperazinyl)pyrazme and 2-(naphthalen-2-yloxy)- 
ethanol. Fragmenting mass analysis supports the stated structure. Purity 90% 
(HPLC). HRMS m/z calcd for C20H22N4O2 (M)''350.1743, found 350.1752 

EXAMPLE 76 

30 2-{2-[(2-Ethoxy-3-pyridinyl)oxy]ethoxy}-6-(l-piperazmyl)pyrazine5 Acetic acid 
salt. Starting materials, 2-chloro-6=(l-piperazinyl)pyra2;ine and 2-(2-ethox>p>'ridin- 

3- yloxy)-ethanol*. Fragmenting mass analysis supports the stated structure. Purity 
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80% (HPLC). BRMS m/z calcd for C17H23N5O3 (M)"" 345.1801, found 345.1793. 

^Described in WO 00/76984. 

EXAMPLE 77 

5 2-{[4-(Benzyloxy)-3-methoxybenzyl]oxy}-6-(l-piperazinyl)pyrazine, Acetic add 
salt. Starting materials, 2-chloro-6-(l-piperazmyl)pyrazine and (4-benzyloxy-3- 
metlioxyphenyl)-methanol. Fragmenting mass analysis supports the stated structure. 
Puri^y 90% (HPLC). HRMS fn/z calcd for C23H26N4O3 (M)"" 406.2005, found 
406.1967. 

10 

EX.AMPLE 78 

2-{t5-(Pueuyietuyuyi)-2-ihieuyi]meihoXY}-6-(l-pip Acetic acid 

salt. Starting materials, 2-chloro-6-(l-piperazinyl)pyrazine and (5-phenylethynyl- 
thiophen-2-yl)-methanol. Fragmenting mass analysis supports the stated structure 
15 Purity 80% (HPLC). HRMS m/z calcd for C21H20N4OS (Mf 376.1358, found 
376.1346. 

EXAMPLE 79 

2-(2,3-Bihydro-l,4-bcBzodioxin-6-ylmethoxy)-6-(l-piperazinyl)pyrazine, Acetic 
20 acid salt. Statting niaterials, 2-chioro-6-(l-piperazinyi)pYrazine and (2,3-dihydro- 
l,4-benzodioxin-6-yl)-methanol. Fragmenting mass analysis supports the stated 
structure. Purity 90% (HPLC). HRMS m/z calcd for Ci7H2oN403 (Mf 328.1535, 
found 328.1543. 

25 EXAMPLE 80 

2-(l-Methyl-2-plienyletlioxy)-6-(l-piperazinyl)pyrazine, Acetic acid salt 

The general procedure was followed with the exception that the reaction mixture was 
heated at 100 °C overnight. Starting materials, 2-chloro-6-(l-piperazinyl)pyrazine 

and 

30 l-pheny!propan-2-ol. Fragmenting mass analysis supports the stated stracture. 
Purity 70% (BPLC). HRMS m/z calcd for C17H22N4O Cmv 298.1794, foujid 
298.1801. 
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EXAJ.IPLE 81 

2-[(2-Culorobenzyi)suifanyi]-6-(l-piperazinyI)pyra Acetic acid sait. 
Starting materials, 2-cMoro-6-(l-piperazmyl)pyra2ine and (2-chloroph6nyl)- 
5 methanethiol. Fragmenting mass analysis supports the stated structure. 

Purity 90% (HPLC). HRMS fn/z calcd for C15H17CIN4S (M)"^ 320.0862, found 
320.0868 

EXAMPLE 82 

10 2-[(2-Phenylethyl)suIfanyl]-6-(l-piperazinyl)pyrazine, Acetic acid salt. 

Starting materials, 2-cliloro-6-(l-piperazinyl)pyrazine and 2-phenyl-ethanethiol. 
Fragmenting mass analysis supports the stated structure. Purity 90% (HPLC). HRMS 
m/z calcd for C16H20N4S (Mf 300.1409, found 300.1419. 

15 EXAMPLE 83 

2-[(4-PhenoxybenzyI)oxy]-6-(l-piperazinyl)pyrazine, Acetic acid salt. 

Starting materials 2-chloro-6-(l-piperazinyl)pyrazine and 4-phenoxybenzyl alcohol*. 
Fragmenting mass analysis supports the stated structure. Purity 90% (HPLC). HRMS 
m/z calcd for C21II22N4O2 (M)"" 362.1743, found 362.1738. *Prepared by reduction 

20 of 4-pherioxyberizaldehyde. 

EX.A:^,4PLE 84 

2-{i4-(3-Dimethylamiuo-propoxy)benzyljoxy}-6-(l-piperazin Acetic 
acid salt. Starting materials, 2-chloro-6-(l-piperazinyl)pyrazine and [4-(3- 
25 dimethylamino-propoxy)-phenyl]-methanol. Fragmenting mass analysis supports the 
stated structure. Purity 90% (HPLC). HRMS m/z calcd for C20H29N5O2 (M)"^ 
371.2321, found 371.2314. 

EXAMPLE 85 

30 2-{2-[2-(Benz>'lox>')phenyljethoxy}-6-(l-piperaziayl)pyrazine, Acetic acid salt. 
Starting materials, 2-cliioro-6-(l-piperazmyl)pyTazine and 2-(2-berizyloxy-phenyl)- 
ethanol.* Fragmenting mass analysis supports the stated structure. Purity 70% 
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(HPLC). HRlvIS mk calcd for CasHjrWi (Mf 390.2056, found 390.2043. 
^Prepared by reduction of (2-benzyloxy-phenyl)-acetic acid. 

EXAMPLE 86 

S 2-[2-(2,5-Dimethoxyphenyl)ethoxy]-6-(l-piperazmyl)pyrazine, Acetic acid salt 

Starting materials, 2-chloro-6-(l-piperazinyl)pyrazine and 2-(2,5-dimethoxy- 
phenyl)-ethanol*. Fragmenting mass analysis supports the stated structure. Purity 

80% (HPLC). KUlvIS m/z calcd for Ci^H24N403 (Mf 344.1848, found 344.1861. 
^Prepared by reduction of (2,5-dimethoxy-phenyi)-acetic acid. 

10 

EXAMPLE 87 

2-(l-Benzofuraii-2-yImethoxy)-6-(l-ninerazinyl)nyrazine, Acetic acid salt 
Starting materials, 2-cliloro-6-(l-piperazinyl)pyrazine and benzofiaraii-2-yl- 
methanol.* 

1 5 Fragmenting mass analysis supports the stated structure. Purity 80% (HPLC). HEMS 
mh calcd for C17H18N4O2 (M)"^ 3 10. 1430, found 310.1419. *Prepared by reduction 
of benzofiiran-2-carbaldehyde. 

EXAMPLE 88 

20 2-{2-r3-Methoxy-2-(phenoxymethyI)phenyi]ethoxy}-6-(l-piperazinyl)pyrazine, 
Acetic acid salt. Starting materials, 2-chloro-6-(l-piperazinyl)p>Tazins and (3- 
methoxy-2-phenoxymethyl-phenyl)-methanol.* Fragmenting mass analysis supports 
the stated structure. Purity 90% (HPLC). HRMS m/z calcd for C23H26N4O3 (M)"^ 
406.2005, found 406.201 1 . *Prepared by reduction of 3-methoxy-2-phenoxymethyl- 

25 benzaldehyde. 

EXAA4PLE 89 

2-[2-(rsoquinolin-7-yIoxy)ethoxyj-u-(l-piperazinyl)pyrazine, Acetic acid salt 
Step 1: 2-(7-Isoquinoiiiiyloxy)etlianoL 
30 A mixture of 7-hydroxyisoquiaoline (1.15 g, 7.9 namol), ethylene carbonate (0.98 g, 
1 1.1 mmol), powdered K2CO3 (0.65 g, 4.7 mmol) in dry DMF (20 mL) was stirred at 
145 °C for two hours. The reaction was quenched with MeOH (1 mL), filtered and 
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the solvent was removed under reduced pressure. The residue was taken up betv/een 
alkaline water (K2CO3) and CHCI3. Concentration of the dried (NdgSO/i organic 
phase afforded 1.4 g (94%) of the title compound as a yellow oil that solidified upon 
standing. Purity 91% (HPLC). Fragmenting mass analysis supports the stated 
5 structure. 

Step 2: 2-[2-(Isoquinolin-7-yloxy)ethoxy]-6-(l-piperazinyI)pyrazine, Acetic acid 
salt. The general procedure was followed starting 2-chloro-6-(l-piperazinyl)pyrazine 
and 2-(7-isoqainolinyloxy)ethanol. Fragmenting mass analysis supports the stated 
10 structure. Purity 80% (HPLC). HRMS rrUz calcd for C19H21N5O2 (M)"^ 351.1695, 
found 351.1696. 

EXAMPLE 90 

2-(2,3-Diliyda-o-lH-inden-2-yloxy)-6Kl-piperazinyl)pyrazine, Acetic acid salt. 

1 5 ■ Starting materials, 2-chloro-6-(l -piperazinyl)pyrazine and 2-indanol. The general 
procedure was followed with the exception that the reaction mixture was heated at 
1 00 °C overnight. Fragmenting mass analysis supports the stated structure. Purity 
90% (HPLC). HRMS m/z calcd for C17H20N4O (M)^ 296.1637, found 296.1652. 

20 EXAMPLE 91 

2-{[2-(PhenoxyKiethyl)beiiz>1]oxy}-6-(l-piperazinyl)pyrazine, Acetic acid salt. 
Startmg materials, 2-chloro-6-(l-piperazinyl)pyrazine and 2-phenoxymethyl-benzyl 
alcohol.* Fragmenting mass analysis supports the stated structure. Purity 90% 
(HPLC). HRMS mh calcd for C22H24N4O2 (M)"" 376.1899, found 376.1889. 

25 *Prepared by reduction of 2-phenoxymethylbenzoic acid by lithium aluminum 
hydride in THF, c/J. Chem. Soc. 1954. 2819. 

EXAMPLE 92 

2-(2-CyclohexyIethoxy)-6-(l-piperazinyl)pyrazsae, Acetic acid salt. 
30 Starting materials, 2-chloro-6-(l -piperazinyl)pyi-azine and 2-cyclohexyl-ethanol. 

Fragmenting mass analysis supports the stated structure. Purity 90% (HPLC). HRMS 
m/z calcd for C16H26N4O (M)"" 290.2 107, found 290.2109. 
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EXAMPLE 93 

2-[2-(2-Ammo-quinolm-8-yloxy)ethoxyl-6-(l-piperazmyI)pyrazme, Acetic acid 

salt 

5 Starting materials, 2-chloro-6-(l -piperaziiiyl)p>Ta2ine and 2-(2-ainino-quinolin-8- 
yloxy)-eti;ianol.* Fragmenting mass analysis supports the stated structure. 
Purity 90% (HPLC). HRMS m/z calcd for C19H22N6O2 (M)^ 366. 1804, found 
366.1791. *Prepared as described in WO 00/76984. 

10 EXAMPLE 94 

2-[(3-CyanobeiizyI)oxy]-6-(l-piperazinyI)pyrazine. 

Starting materials, 2-chloro-6-(l-piperazinyl)pyrazine and 3-cyanobenzyl alcohol. 
Fragmenting mass analysis supports the stated structure. Purity 90% (HPLC). BDEiMS 
m/z calcd for C16H17N5O (M)+ 295.1433, found 295.1431. 

15 

EXA^IPLE 95 

2-[(5-Fluoro-2-methoxybenzyi)oxy]-6-(i-piperaziiiyi)pyrazine, Acetic acid salt. 
Starting materials, 2-chloro-6-(l-piperazinyl)pyrazine and (5-fluoro-2-methoxy- 
phenyl)-methanol.* Fragmenting mass analysis supports the stated structure. Purity 
20 90% (HPLC). HRMS m/z calcd for C16H19FN4O2 (M)"" 3 18.1492, found 318.1490. 
*Prepared by reduction of 5-fluoro-2-methoxybenzaldehyde. 

EXAMPLE 96 

2-(l-CycIopei;iylethoxy)-6-(l-piperaziByI)pyrazine, Acetic acid salt. 

25 Stalling materials, 2-chioro-6-(l-pipeiazinyl)pyTazine and i-cyclopentyi-ethanol. 
The general procedure was followed with the exceptions that dioxane was used as 
solvent and that the reaction mixture was heated in a sealed tube with microwaves at 
160 °C for 20 minutes. Fragmenting mass analysis supports the stated structure. 
Purity 90% (HPLC). HRMS m/z calcd for C15H24N4O (M)"^ 276.1950, found 

30 276.1955. 

EXALfi'LE 97 

2-[(2,5-Difluorobenzyl)oxy]-6-(l-piperazinyI)pyraziiie,Maleate. 



wo 02/40456 



-68- 



PCT/SEOl/02569 



The title compound was prepared according to the procedure of example 50, step 2, 
stalling frorn 2-chloro-6-[(2,5-difluorobenzyI)oxy]pyrazine (3.43 g, 13.4 mmol; 
obtained according to the procedure of example 50, step 1 , starting irom 2,5- 
difiuorobenzyl alcohol), piperazine (3.51 g, 40.7 mmol) and K2CO3 (1.94 g, 14.0 
5 mmol) with the exception that the final filtration through alumina was omitted. The 
yield of the firee base of the title compound was 2.84 g (69%) which was obtained as 
an oil. The fi-ee base was converted into its maleate salt. Purity 100% (HPLC). MS 
miz 306 (Mf. HRMS miz calcd for C15H16F2N4O (M)"" 306.1292, found 306.1297. 

10 EXAMPLE 98 

2-[(3-Dimethylaminobenzyi)oxyj-6-(l-piperazinyI)pyrazine. 
The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[(3-dimethylairdnobenzyl)oxy]pyrazme (3.04 g, 11.5 mmol; 
obtained according to the procedure of example 50, step 1, starting firom 3- 

1 5 dimethylaminobenzyl alcohol), piperazine (3.08 g, 35.7 nmiol) and K2CO3 (1 .59 g, 
1 1.5 mmol) with the exception that the final filtration through alumina was omitted. 
The yield of the of the title compound was 2.06 g (57%) which was obtained as a 
beige colored oil that solidified when refiigerated. Purity 98% (HPLC). MS m/z 313 
(Mf. HRMS miz calcd for C17H23N5O (M)* 313.1903, found 313.1910. 

20 

EXAMPLE 99 

2-[{4-(2-Pyridinyl)benzyl}oxy]-6-(l-piperazinyl)pyrazine. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting firom 2-chloro-6-[{4-(2-pyridinyl)benzyl}oxy]pyrazme (2.73 g, 9.16 mmol; 
25 obtained according to the procedure of example 50, step 1 , starting fi-om 4-(2- 

pyridinyl)berizyl alcohol*), piperazine (2.41 g, 27.9 mmol) aridK2C03 (1.33 g, 9.62 
mmol) with the exception that the fmal filtration through alumina was omitted. The 
yield of the of the title compound was 2.06 g (65%) which was obtained as a beige ' 
colored oil that soHdined when refiigerated. Purity 100% (HPLC). MS miz 347 (M)"^. 
30 HRMS miz calcd for C20H21N5O (M)"" 347.1746, found 347.1749. *Obtained by 
reduction (NaBH4) of 4-(2-pyridyl)benzaldehyde. 
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EXAMPLE 100 

2-[(2-Fiuorobenzyi)oxyj-6-(l-piperazmyl)pyrazme^ Maleate. 
The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[(2-fluorobenzyl)oxy]pyr3zine (3.68 g, 15.4 nrniol; obtained 
5 according to the procedure of example 50, step 1, starting from 2-fluorobeiizyl 
alcohol), piperazuie (4.06 g, 47.1 mmol) and K2CO3 (2.24 g, 16.2 mmol) with the 
exception that the final filtration through alumina was omitted. The yield of the free 
base of the title compound was 3.28 g (74%) which was obtained as an oil. The free 
base was converted into its maleate salt. Purity 100% (HPLC). MS m/z 288 (M)". 
10 HRMS m/z calcd for C15H17FN4O (Mf 288.1386, found 288.1378. 

EXAMPLE 101 

2-(Benz»[6]thiophen-3-ylmethoxy)-6-(l-piperazmyl)pyrazine, Maleate. 

The title compoimd was prepared according to the procedure of example 50, step 2, 
15 starting from 2-chloro-6-(benzo[fe]thiophen-3-ylmethoxy)pyrazine (2.88 g, 10.4 

mmol; obtained according to the procedure of example 50, step 1, starting from 

benzo[6]thiophene-3-methanol), piperazine (2.73 g, 31.7 mmol) and K2CO3 (1.51 g, 

10.9 mmol) with the exception that the final filfration through alumina was omitted. 

Tlie yield of the free base of the title compound was 2.34 g (69%) which was 
20 obtained as a beige colored oil. The free base was converted into its maleate salt. 

Purity 99% (HPLC). MS m/z 326 (Mf. HRMS m/z calcd for C17H18N4OS (Mf 

326.1201, found 326.1207. 

EXAMPLE 102 

25 2-(3-Phenoxy-thiophen-2-ylmethoxy)-6-(l-piperazinyl)pyrazine, Maleate. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting fix>m 2-chloro-6-(3-phenoxy-thiophen-2-ylmethoxy)pyrazine [2.83 g, 8.88 

mmol: obtained according to the procedure of example 50, step 1, starting from (3- 
phenoxy-2-thienyl)methanol], piperazine (2.33 g, 27.1 mmol) and K2CO3 (1.29 g, 
30 9.3 mjnol) with the exception that the final filtration through alumina was omitted. 
The yield of the free base of the title compound w^as 1.80 g (55%) which v/as 
obtamed as a beige colored oil. The free base was converted into its maleate salt. 
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Purity 98% (HPLC). MS mlz 368 (M)"". HRMS miz calcd for C19H20N4O2S (M)"" 
368.1307, found 368.1306. 

EXAMPLE 103 

5 2-[5-(2-Pyridmyl)-tWophen-2-ylmethoxy)]-6-(l-piperazmyl)pyra2ine,Maleate. 

The title compoxmd was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[5-(2-pyridinyl)-thiophen-2-ylmethoxy)]pYrazine [2.17 g, 
7.13 ramol; obtained according to the procedure of example 50, step I, starting ttom 
5-(pyridin-2-yl)thiophene-2-methaaol], piperazine (1.84 g, 21.4 rnmol) and K2CO3 
10 (0. 99 g, 7 . 1 rnmol) with the exception that the final filtration through alumina was 
omitted. The yield of the free base of the title compound was 1 .66 g (66%) which 
was obtained as a beige colored oil. The free base was converted into its maleate salt. 
Purity 100% (HPLC). MS mlz 353 (M)^. BKMS mlz calcd for C18H19N5OS (M)* 
353.1310, found 353.1307. 

15 

EXAMPLE 104 

2-[2-(5-Methyl-2-phenyl-oxazol-4-yl)-ethoxy]-6-(l-piperaziiiyl)pyrazine. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[2-(5-methyl-2-phenyl-oxazol-4-y])-ethoxy]p>Tazine [2.90 

20 g, 9.18 mmol: obtained according to the procedure of example 50, step 1, starting 
from 2-(5-methyl-2-phenyloxazol-4-yl)ethanol], piperazine (2.37 g, 27.5 mmol) and 
K2CO3 (1.27 g, 9.19 mmol) with the exception that the final filtration through 
alumina was omitted. The yield of the of the title compound was 2.09 g (62%) which 
was obtained as a light yellow oil that solidified when refiigerated. Purity 100% 

25 (HPLC). MS mlz 365 (M)^. HRMS mlz calcd for C20H23N5O2 (M)"" 365.1852, found 
365.1855. 

EXA^vlPLE 105 

2-[l<2,6-Difluoro-phenyi)-ethoxy]-6-(l-piperazinyi)pyrazine, Maleate. 

30 The title com-pound was prepared according to the procedure of exam.ple 50, step 2, 
starting from 2-chloro-6-[l-(2,6-difluoro-phenyl)-ethoxy]pyra2ine (3.20 g, 1 1.8 
mmol; obtained according to the procedure of example 50, step 1, starting from 2,6- 
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difluoro-u-methyibenzyl alcoW), piperazine (3.05 g, 35.4 mmol) and K2CO3 (1.63 
g, 1 1.8 ininol) v,ath the exception that the final filtration through alumina was 
omitted. The yield of the free base of the title compound was 2.95 g (78%) which 
was obtained as a colorless oil. The free base was converted into its maleate salt. 
5 Purity 100% (HPLC). MS miz 320 (M)"". HRMS miz calcd for C16H18F2N4O (M)"" 
320.1449, found 320.1447. 

EXAlvIPLE 106 

2-(2-Naphthalen-2-yI-ethoxy)-6-(l-piperfl7myl)nyrazin^^ 
1 0 The title compound was prepared according to the procedure of example 50, step 2, 

starting from 2-chloro-6-(2-naphthalen-2-yl-ethoxy)pyrazine (2.73 g, 9.60 mmol; 

obtained according to the procedure of example 50, step 1, starting from 2- 

naphthalene-ethanol), piperazine (2.89 g, 33.5 mmol) andK2C03 (1.39 g, 10.1 

romol) with the exception that the final filtration through alumina was omitted. The 
15 , yield of the free base of the title compound was 2.63 g (82%) which was obtained as 

a colorless oil. The free base was converted into its maleate salt. Purity 99% (HPLC). 

MS miz 334 (M)"". HRMS miz calcd for C20H22N4O (M)"" 334.1794, found 334.1794. 

EXAMPLE 107 

20 2-[3-(Naphthalen-2-yloxy)-propoxy]-6-(l-piperazinyl)pyrazine, Maleate. 

The title compound was prepared according to the procedm e of example 50, step 2, 
starting from 2-chloro-6-[3-(naphthalen-2-yloxy)-propoxy]pyrazine [2.24 g, 7.12 
nmaol; obtained according to the procedure of example 50, step 1, starting from 3- 
(naphthalen-2-yloxy)-propan-l-ol*], piperazme (1.90 g, 22.1 mmol) and K2CO3 

25 (1 .03 g, 7.45 mmol) with the exception that the final filtration through alumma was 
omitted. The yield of the free base of the title compound was 1.10 g (42%) which 
was obtained as a light beige colored oil. The free base was converted into its 
maleate salt. Purity 100% (HPLC). MS miz 364 (^vl)^. HRAIS miz calcd for 
C21H24N4O2 (M)" 364.1899, foujid 364.1895. *Described in .1. Am. Chem Soc. 1929, 

30 51, 3417 and ibid. 1954. 76, 56. 

EXAMPLE 108 
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2-(4-Phejiylethyny!-tliiophen-2-y!!nethoxy)-6-(l-piperaziny!)pyrazine, Maleate. 
The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-(4-phenylethynyl-thiophen-2-ylmethoxy)pyrazine [2.05 g, 
6.28 nunol; obtained according to the procedxire of example 50, step 1, starting from 
5 4-(phenylethyQyl)thiophene-2-methanol*], piperazine (1.62 g, 18.8 mmol) and 

K2CO3 (0.89 g, 6.4 mmol) with the exception that the final filtration through alumina 
was omitted. The yield of the free base of the title compound was 1.80 g (76%) 
which was obtained as a light beige colored oil. The fi'ee base was converted into its 
maleate salt. Purity 100% (HPLC). MS miz 376 (M)"". HRMS miz calcd for 
10 C21H20N4OS QJ£f 376.1358, found 376.1351. *Obtained by reduction (NaBH4) of 4- 
(phenyiethynyl)thiophene-2-carboxaldehyde. 

EXAMPLE 109 

2-(l-Cyclopropyl-ethoxy)-6-(l-piperazmyl)pyrazine, Maleate. 

15 : The title compound was prepared accordiiig to the procedure of example 50, step 2, 
starting from 2-chloro-6-(l-cyclopropyl-ethoxy)pyrazine (2.38 g, 12.0 mmol; 
obtained according to the procedure of example 50, step 1, starting from a- 
metliylcyclopropaneraethanol), piperazine (3.60 g, 41.8 mmol) and K2CO3 (1.75 g, 
12.7 mmol) with the exception that the fmai filtration through alumina was omitted. 

20 The yield of the fiee base of the title compound was 2.05 g (69?/o) which was 

obtained as a colorless oil. The free base was converted into its maleate salt. Purit>' 
100% (HPLC). MS miz 248 (M)''. HRMS miz calcd for C13H20N4O (M)"" 248.1 637, 
found 248.1636. 

25 EXAMPLE 110 

2-[2-(6-Methoxy-naphthalen-2-yloxy)-ethoxy]-6-(l-piperaziuyl)py™azine. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[2-(6-methoxy-naphthalen-2-yloxy)-ethQxy]pyrazine [0.94 
g, 2.8 mmol; obtained according to tire procedure of example 50, step 1, starting 
30 from 2-(6-methoxy-naphthalen-2-yloxy)ethanol*] , piperazine (1 .00 g, 11 .6 mmol) 
and K2CO3 (0.50 g, 3.6 mmol) with the exception that the final filtration through 
alumina was omitted. The yield of the of the title compound was 0.52 g (48%) which 
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was obtained as a beige colored solid. Purity 100% (HPLC). MS m/z 380 (M)". 
HRIvIS nilz calcd for C21H24N403 Cmy 380.1848, foimd 380.1845. *Prepared from 
6-methoxy-2-naphthol and ethylene carbonat according to the procedure of Example 
134, step 1, in WO 00/76984. The reaction mixture was refluxed for 2 h. Pure 2-(6- 
5 methoxy-naphthalen-2-yloxy)ethanol was obtained by recrystallization from 
MeOH/CHCls/n-hexane. 

EXAMPLE 111 

2-[2-(7-Methoxy-naphthalen-2-yloxy)-ethoxyj-6-(l-piperazinyl)pyrazine. 

10 The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[2-(7-metlioxy-naphthalen-2-yloxy)-ethoxy]pyrazine [1.19 
%, 3.60 mm_ol; obtained according to the procedure of example 50, step 1, starting 
from 2-(7-methoxy-naphthalen-2-yloxy)ethanol*], piperazine (1.25 g, 14.5 mmol) 
and K2CO3 (0.60 g, 4.3 mmol) with the exception that the final filfration through 

15 ' alumina was omitted. The yield of the of the title compound was 0.98 g (71%) which 
was obtained as an oil that solidified when refiigerated. Purity 100% (HPLC). MS 
miz 380 (^Af. HPJ^^IS miz calcd for C2iH24N403 Q>Ay 380.1848, found 380.1851. 
^Prepared from 7-methoxy-2-naphthol and etliylene carbonat according to the 
procedure of Example 134, step 1, in WO 00/76984. The reaction mixture was 

20 refluxed for 2 h. Pure 2-(7-methoxy-naphthalen-2-yloxy)ethanol was obtained after 
column chromatography on siUca gel using «-hexane/ethyl acetate (6:4) as eluent. 
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EXA]V1PLE112 

2-r5-(4-Chiorophenyi)-2-methylfuran-3-yimethoxy]-6-(l-piperazinyi)p 
The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[5-(4-chlorophenyl)-2-methylfdran-3-ylinethoxy]pyrazine 
5 [3.14 g, 9.39 mmol; obtained according to the procedure of example 50, step 1, 

starting from 5-(4-chlorophenyl)-3-hydroxymethyl-2-methylftiran], piperazine (2.47 
g, 28.6 mmol) and K2CO3 (1.36 g, 9.86 mmol) with the exception tliat the final 
filtration through alumina was omitted. The yield of the of the title compound was 
2.1 1 g (58%) which was obtained as a beige colored solid. Purity 100% (HPLC). MS 
10 m/z 384 (Mf. HRMS m/z calcd for C20H21CIN4O2 (Mf 384.1353, found 384.1357. 

EXAMPLE 113 

2-(lfl-Indol-4-ylmethoxy)-6-(l-piperazmyl)pyrazine, Maleatc. 

The title compound was prepared according to the procedure of example 50, step 2, 
1 5 starting from 2-chloro-6-( l//-indol-4-ylmethoxy)pyrazuie [0.486 g, 1 . 87 mmol; 

obtained according to the procedure of example 50, step 1, starting fi-om (lif-indol- 
4-yl)-methanol*], piperazine (0.491 g, 5.71 mmol) andK2C03 (0.272 g, 1.96 mmol) 
with the exception that the final filtration through alumina was omitted. The yield of 
the free base of the title compound was 0.1 98 g (34%) which was obtained as an oil. 
20 The free base was converted into its maleate salt. Punty 100% (HPLC). MS m/z 309 
(Mf. HRMS m/z calcd for C17H19N5O (Mf 309.1590, found 309.1582. *The 
reaction was carried out using (lif-indol-4-yl)-methanol (0.712 g, 4.84 mmol), K-t- 
BuO (0.517 g, 4.61 mmol), and 2,6-dichloropyrazine (0.687 g, 4.61 mmol). 

25 EXAMPLE 114 

2-(2-Phenyl-propoxy)-6-(l-piperaziiiyl)pyrazine, Maleate. 
The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-Ghloro-6-(2-phenyl-propox30P3'razine (2.39 g, 9.61 mmol; obtained 
according to the procedure of example 50, step 1, starting from 2-phenyl-l- 

30 propanorv piperazine (2.90 g, 3.36 mjnol) and K2CO3 (1.40 g, 10.1 mjnol) with the 
exception that the final filtration through alumina was omitted. The yield of the free 
base of the title compound was 1 .66 g (58%) which was obtained as a colorless oil. 
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The free base was converted into its maleate salt. Purity 99% (HPLC). HRMS miz 
calGd for C17H22N4O (My 298.1794, fovmd 298.1795. 

EXAMPLE 115 

5 2-[2-(2-Methoxyphenyl)ethoxyl-6-(l-piperazinyl)pyrazine, Maleate. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[2-(2-methoxyphenyl)ethoxy]pyrazine (0.967 g, 3.65 mmol; 
obtained according to the procedure of example 50, step 1, starting from 2- 
methoxyphenethyl alcohol), piperazine (0.913 g, 10.6 mmol) and K2CO3 (0.505 g, 
10 3.65 mmol). The yield of the free base of the title compound was 0.63 g (55%) which 
was obtained as a colorless oil. The free base was converted into its maleate salt. 
Purity 100% (EIPLC). MS mIz 314 (M)". HRMS mIz calcd for C17H22N4O2 (M)* 
314.1743, found 314.1750. 

15 EXAMPLE 116 

2-[2-(3-Methoxyphenyl)ethoxy]-6-(l-piperazinyl)pyrazine. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-r2-(3-methoxyphenyl)ethoxy]pyrazine (1.12 g, 4.23 irjuol; 
obtained according to the procedure of example 50, step 1, starting from 3- 
20 methoxyphenethyl alcohol), piperazine (1.06 g, 12.3 mmol) and K2CO3 (0.585 g, 
4.23 mmol). The yield of the title compound was 0.91 g (69%) which was obtained 
as light beige oil. HRMS mIz calcd for Ci7n22N402 (M)"" 314.1743, found 314.1759. 
Anal. (C17H22N4O2) C, H, N. 

25 EXAMPLE 117 

2-i(2-Phenoxyueuzyl)oxTj-6-(l-piperaziuyl)pyrazine 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-[(2-phenoxybenzyi)oxy]pyrazine (0.981 g, 3.14 mjnol; 
obtained according to the procedure of example 50, step 1, starting from 2- 
30 phenoxybenzyl alcohol), piperazine (0.784 g, 9.10 mmol) and K2CO3 (0.434 g, 3.14 
mmol) with the exception that the final filtration through alumina was omitted. The 
yield of the free base of the title compoimd was 0.80 g (70%) which was obtained as 
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a colorless oil. The free base was converted into its maleate salt. Anal. (C21H22N4O2 ■ 
C4H404)C,H,N. 

EXAMPLE 118 

5 2-Benzylaiiiino-4-(l-piperazinyl)pyriinidine, Hydrochloride. 

Step 1 : 2~BenzyIainino-4-[l-(4-tert-butoxycarbony!)piperaziny!]pyriinidine. 

A mixture of 2-ch^oro-4-[l-(4-ter^butoxycarbonyl)piperazinyI]pyrimiuine (obtained 
in Example 33, step 1; 1.80 g, 6.02 mmol), benzylamine (10 mL, large excess) and 
potassium carbonate (0.91 g, 6.52 nunol) was stirred in 50 raL of propionitrile at 1 10 
10 °C for 1 .5 h. The mixture was poured into water (200 mL) and left over night. The 
title compound was collected, washed with water + 10% methaaol and dried. Yield: 
2.08 g (94%). Purity >90% (HPLC). HRMS m/z calcd for C20H27N5O2 (Mf 
369.2165, found 369.2152. 

15 Step 2: 2-BenzyIainiiio-4-(l-piperazmyI)pyrimidine, Hydrochloride. 

To a solution of 2-benzylamino-4-[l-(4-terf-butoxycarbonyl)piperazinyl]pyrimidine 
(37 mg, 0.10 mmol) in amixture of methyl tert butyl ether (3 mL) and methanol (1 
mL) was 4.0 M KCl in dioxane (1 mL) added. The reaction was shaken over night. 
Methyl tert butyl ether (2 mL) was added. The title compound was collected as a 
20 white solid. Yield: 29 mg (95%). Purity >90% (HPLC). MS m/z 270 (M+H)"". 

EXAMPLE 119 

(2i?>l-[6-{(2-Chlorobenzyl)sulfanyl}-2-pyrazinyl]-2-methylpiperazine, 
Hydrochloride. 

25 Na-?-BuO (8.7 mmol 0.84 g) was added to a solution of 2-chlorobenzylthiol (5.7 

mmol 0.90 g) in dry DMF (25 mL) and the mixture was stirred at room temperature 
for 10 minutes. (2/?)-l-(6-chloro-2-pyrazinyl)-2-methylpiperazine (0.92 g, 4.35 
mmol; obtained in Example 62, step 2) was added and the reaction was stirred at 70 
°C for 2 h. The mixture was filtered through a plug of silica and the solvent from the 

30 filtrate was evaporated at reduced pressure. The brown residue was chromato graphed 
over silica gel using CHCis/MeOH/aq NH3 90/10/0.25 as eiuent. This famished tlie 
free base of the title compound as a yellow oil. The free base was precipitated as its 
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HCl salt with RCVether to give 1.10 g (68%) of the title compoimd as hght yellov/ 
crystals. Purity 98% (HPLC). HRMS miz for C16H19CIN4S (Mr calcd for 334.1019, 
found 334.1036. 

5 EXAMPLE 120 

2-(3-Thienylmethoxy)-6-(l-piperaziiiyl)pyrazme. 

The title compound was prepared according to the procedure of Example 20 starting 
from 3=thiophenemethaiiol (6.05 g, 53.0 mmol), K-^-BuO (0.897 g, 7.99 mmol) and 
6-cMoro-2-(l-piperaziiiyl)pyt-a2;irie (0.845 g, 4.25 mmol: obtained in Example 13, 

10 step 2). The reaction mixture was stirred at 105 °C for 7.5 h. Following 

chromatography on silica, solvents were evaporated off. The remaining oil was 
redissolved in ethyl acetetate and filtered through a short plug of alumina (5x3 cm) 
using ether/MeOH (96:4) as eluent. Solvent removal in vacuo gave 0.76 g (64%) of 
the title compound as a colorless oil. HRMS mIz for C13H16N4OS (M)^ calcd for 

15. 276.1045, found 276.1037. AnaL(Ci3Hi6N40S- 0.25 H20)C,H,N. 

EXAMPLE 121 

2-(3-Pheiioxypropoxy)-6-(l-piperaziiiyI)pyrazine, Maleate. 

The title compound was prepared according to the procedure of example 50, step 2, 
20 starting from. 2-Ghloro-6-(3-phenoxypropoxy)pyrazine (1.04 g, 3.93 mjnol; obtained 
according to the procedure of example 50, step 1, starting from 3-phenoxy-l- 
propanol), piperazine (0.981 g, 1 1.4 mmol) and K2CO3 (0.543 g, 3.93 mmol). 
Following chromatography on silica, solvents were evaporated off. The semi-sohd 
residue (0.83 g) was redissolved in CHCI3 and filtered. The clear solution was 
25 concentrated in vacuo and the resulting free base of the title compound was 
converted into its maleate salt. Yield: 0.90 g (53%), HRMS miz calcd for 
Ci7H22N402(M)'' 314.1743, found 314.1728. Anal. (C17H22N4O2 • C4H4O4) C, H, 
N. 



30 



EXAMPLE 122 

2-{[4-(Benzyloxy)benzylIoxy}-6-(l-piperazinyl)pyrazme. 
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The title compouiid was prepared according to the procedure of example 50, step 2, 
starting from 2-cmoro-6-{[4-(benzyloxy)beiizyl]oxy}pyrazine (1.15 g, 3.52 rnrnol; 
obtained according to the procedure of example 50, step 1, starting Ixom 4- 
benzyloxybenzyl alcohol), piperazine (0.894 g, 10.4 mrnol) and K2CO3 (0.486 g, 
5 3.52 mmol). The yield of the title compound was 0.57 g (43%) which was obtained 
as a colorless viscous oil that solidified upon standing. Fragmenting mass analysis 
supports the stated structure. HRMS miz calcd for C22H24N4O2 (M)^ 376.1899, found 
376.1892. 

10 EXAMPLE 123 

2-(«-Hexyloxy)-6-(l-piperaziiiyl)pyrazme. 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-(n-hexyloxy)pyrazine (1.54 g, 7.17 mmol; obtained 
according to the procedure of example 50, step 1, starting from «-hexanol), 
1 5 piperazine (1 .90 g, 22. 1 mmol) and K2CO3 (0.99 g, 7. 1 6 mmol). The yield of the title 
compound was 1.21 g (64%) which was obtained as a colorless oil. HRMS mIz calcd 
for C14H24N4O (M)"" 264.1950, found 264.1953. Anal. (C14H24N4O) C, H, N. 

EXAiWLE 124 

20 2-(Propargyloxy)-6-(l-piperazrayl)pyrazine, Maleate= 

The title compound was prepared according to the procedure of example 50, step 2, 
starting from 2-chloro-6-(propargyloxy)pyrazine (1.70 g, 10.1 mniol; obtained 
according to the procedure of example 50, step 1, starting from propargyl alcohol), 
piperazine (1.91 g, 22.2 mmol) and K2CO3 (1.39 g, 10.1 mmol) with the exception 

25 that the final filtration through alumina was omitted. Following repeated 

chromatography on silica, solvents were evaporated off. The jdeld of the free base of 
the title compound was 0.48 g (22%) which was obtained as a beige oil. The free 
base was converted into its maleate salt. HRivIS mIz calcd for Ci 1H14N4O (M)"*' 
218.1168, found 218.1158. Anal. (C11H14N4O • C4H4O4) C, H, N. 
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PREPARATION OF PHARivIACEUTICAL COMPOSITIONS 



5 



EXAlvlPLE: Preparation of tablets 
Ihgrsdients 



mg/tablet 



10 



1 . Active compound 

2. Cellulose, microcrystalline 

3 . Calcium hydrogen phosphate 

4. Sodium starch glycolate 

5. Silicon dioxide, colloidal 

6. Magnesium stearate 



0.75 



57.0 



5.0 



0.25 



15.0 



10.0 



The active ingredient 1 is mixed with ingredients 2, 3, 4 and 5 for about 10 
minutes. The magnesium stearate is then added, and the resultant mixture is mixed 
1 5 for about 5 minutes and compressed into tablet form with or without film-coating. 



The ability of a compound of the invention to bind or act at specific 5-HT 
20 receptor subtypes can be determined using in vitro and in vzvo assays known in the 
art. The biological activity of compounds prepared in the Examples was tested using 
different tests. 

Affinity assay 

25 The 5-HT2c receptor affinity of compounds in the Examples was determined 

in competition experiments, where the ability of each compoimd in serial dilution to 
displace ^H-labelled 5-HT, bound to membranes prepared fi-om a transfected 
HEK293 cell line stably expressing the human 5-HT2c receptor protein, was 
monitored by Scintillation Proximity Assay technology. Non-specific binding was 

30 defined using 5 |j,M mianserin. Results obtained for exemplary compounds of the 
invention are illustrated in Table 1 below. Typically, the S-HTac receptor affinity 
values (Ki, nM) were in the range of 1 nM to 1500 nM. 



Pharmacological tests 
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Table 1 . 5-HT2c receptor Affinity 
Compound Ki (nM) 



Example 2 


8 


Example 12 


197 


Example 15 


616 


Example 18 


92 


Example 20 


28 


Example 23 


478 


Example 32 


48 


Example 48 


37 



Efficacy assay 

1 5 The agonist efficacy at the 5-HT2c receptor of the compounds in the 

Examples was determined by the ability of each compound to mobiUse intracellular 

calcium in transfected HETCzyj cells, stably expressing the human 5-HT2c receptor 
protein, using the calcium-chelating fluorescent dye FLUO-3 (Sigma, St. Louis, MO, 
U.S.A.). 

20 Typically, the maximum responses of 5-HT2c agonists were in the range of 

20-100% relative to the maximum response of 5-HT (serotonin) at a concentration of 
1 mM. 



wo 02/40456 



PCT/SEOl/02569 



CLAIMS 



1. 



A compound of the general formula (J): 



5 



XX 



wherein 



(i) X and Y represent both nitrogen and Z represents CH, forming a pyrazine 
derivative, or 

(ii) X and Z represent both CH and Y represents nitrogen, forming a pyridine 
10 derivative, or 

(iii) X represents C-CF3, Z represents CH, and Y represents nitrogen, forming 
a 4-trifluoromethylpyridine derivative, or 

(iv) Y and Z represent both nitrogen and X represents CH, forming a 
pyrimidine derivative, and 

15 wheiein Ri and R2 are each, independently, selected from a group A 

consisting of 



or from a group B, consisting of aryl-Ci-Ce-alkyl, aryl-Ci-Ce-alkoxy, heteroaryl-Ci- 
Ce-alkoxy, aryloxy-C2-C6-alkoxy, heteroaryloxy-Ca-Ce-alkoxy, 1-indanyloxy, 2- 

20 indanyloxy, aryloxy, heteroaryloxy, arylthio, heteroarylthio, Cs-Ce-cycloalkylthio, 
Cs-Cg-alkoxy, Cs-Cg-alkylthio, Ca-Ce-alkynyloxy, Ca-Ce-alkenyloxy, fluoro-C2-C4- 
alkoxy, C4-C8-cycloalkyloxy, C3-C8-cycloalkyl-Ci-C4-alkoxy, halogen, aryl-Ci-C4- 
alkylthio, heteroaryl-Ci-C4-a]kylthio, aryl-Ci-C4-alkylamino, heteroaryl-Ci-C4- 
alkylamino, heteroaryl and aryl; 

25 with the proviso that: 

(i) Ri and R2 are different and are not both selected from group A or group B at the 
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same time; 

(ii) when formula (I) is a pyrazine derivaiive Ri or R2 are other uian phenyluiio, 
phenyhnethylthio, phenyl or phenyl substituted by halogen; 

(iii) Ri in fomula (I) is halogen, only when (1) is a pyrazine derivative and when R2 
5 simultaneously is 2-methylpiperazin-l-yl, 2-ethylpiperazin-l-yl, or trans-2,5- 

dimethylpiperazin- 1 -yl: 

(i v) when formula (I) is a pyrazine derivative and Ri is 4-piperidinyloxy, R2 is other 
than S-pjTidinylmethoxy, 4-quinolin3'lmethoxy and 3-(4-pyridinyl)propoxy; 

(v) when both X and Z are CH and Y is N in formula (I), forming a pyridine 

10 derivative, and Ri is 1-pipexazinyl or 4-methylpiperazin-l-yl, then R2 is other than 
2-phenylefhyl, benzyloxy, benzylamino, phenylthdo, phenoxy, substituted phenoxy, 
C4-C8-cycloalkyloxy and Cs-Cs-cycloalkylmethoxy; 

(vi) when X is CH and Z and Y both arc nitrogen in fomrula (I), forming a 
pyrimidine derivative, and R2 is 1-piperazinyl, then Rj is other than phenoxy, phenyl 

1 5 or phenyl substituted by bromo, and Cs-Cg alkoxy; and when R2 is 4- 
methylpiperazdn-l-yl or 

4-(2-hydroxyethyl)piperazin-l-yl, then Ri is other than 5-nitro-2-furyl; 

(vii) when X is CH and Z and Y both are nitrogen in formula (T), forming a 
pyrimidine derivative, and Ri is 1-piperazinyl, then R2 is other than C5-C8 alkoxy; 

20 and where R3 is H or Ci_4-alkyl, allyl, 2-hydroxyethyl, 2-cyanoethyl, or a nitrogen 
protecting group, or a prodrug moiety such as an acyl- or an alkoxycarbonyl group 
forming a cleavable amide or carbamate linkage; 
R4 is hydrogen, or Cm alkyl; 

and wherein any aryl or heteroaryl residue, alone or as part of another group, in Rj or 
25 R2 may be independently substituted in one or more positions, by Cj .4-alkyl, C i .4- 
alkoxy, Ci _4-alkylthio5 C2-4-acyl, Ci_4-alkylsulphonyl, cyano, nitro, hydroxy, C2. 
g-alkenyi, C2-6-aikynyi, fluoromethyl, trifluoromethyl, trifluoromethoxy, halogen, 
-NCRsXRg), aryl, aryloxy, aryltliio, aryl-Ci .4-aIkyl, ar-yl-C2-4-alkenyl, aryl-C2_4- 
alkynyl, heteroaryl, heteroaryloxy, heteroarylthio orheteroaryl-Ci_4-aIkyl, ar>'l-Ci_ 
30 4-alkoxy, aryioxy-Ci.4-alkyl, dimethylamino-C2-4-alkoxy; and 
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wherein any aryl or heteroaryl residue as substituents on ar^'l or heteroaryl, alone or 
as part of another group, in R] or R2 in turn may be substituted in one or more 
postions, independently of each other by Ci.4-alkyl, Ci_4-alkoxy, halogen, 
trifluoromethyl, cyano, hydroxy or dunethylamino; and 
5 R5 and Rg independently of each other are hydrogen, methyl or ethyl, or together 
with the nitrogen atorn to which they are bound foim a pjoxolidine, piperazine, 
morpholine, thiomorpholine or a piperidine ring; 

and pharmaceutically acceptable salts, hydrates, geometrical isomers, tautomers, 
optical isomers, A/'-oxides and prodrug forms thereof. 



2. The compound according to claim 1 wherein X and Y represent both 
nitrogen and Z represents CH, forming a pyrazine derivative. 

3 . The compound according to claim 1 , wherein X and Z represent both 
15 CH and Y represents nitrogen, forming a pyridine derivative; 

4. The compound according to claim 1, wherein formula (I) represents a 
4-trifluoromethylpyridine derivative. 

20 5, The compoxmd according to claim 1 wherein Y and Z represent both 

nitrogen and X represents CH, forming a pyrimidine derivative. 

6. The compound according to claim 1 wherein R3 is hydrogen and Ri or 
R2 is selected from 

25 



10 
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7. The compound according to claim i wherein Rj or R2 is selected from 



R3 R3 



I 

and where R3 is hydrogen and ^ is selected from hydrogen, methyl or ethyl. 

8. The compound according to claim 1 wherein Ri or R2 is 

N 

I 

and where R3 is hydrogen and R4 is selected from hydrogen, methyl or ethyl. 

9. The compound according to claim 1, wherein Rj or R2 is selected 

from 

H H 



N N ^1 



•CH3 



10. The compound according to claim 1 with the general formula (II): 

R^^N^N^ (II) 

15 3 
wherein 

R2 and R3 are as defined above; 
R7 is hydrogen or Ci_4-alkyl; 
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and any arj'l and heteroaiyl residue, alone or as part of another group, in R2 rriay be 
substibated in one or more positions, preferably one or two, independently of each 
other by Ci_4-alkyl, Ci.4-alkoxy, Ci.4-alkylthio, C2.4-acyl, Ci.4-a]kylsulphonyl, 
cyano, nitro, hydroxy, C2-6-alkenyl, C2-6-alkynyl, fluoromsthyl, trifluoroinethyl, 
5 trifluoromethoxy, halogen, -N(R5)(P.6), ar>'l, aryloxy, arylthio, arjd-Ci.4-alk3'l, aryl- 
C2-4-alkenyl, aryl-C2-4-alkynyl, heteroaryL heteo-oaryloxy, heteroarylthio or 
heteroaryl-Ci.4-alkyl, aryl-Ci_4-alkoxy, aryloxy-Ci_4-alkyl, dimethyIaniino-C2-4- 
alkoxy; and 

any aryl or heteroaryl residue as substituents on aryl or heteroaryl, alone or as part of 
1 0 another group, in R2 in turn may be substituted in one or more postions, preferably 
one, independently of each other by Ci_4-alkyl, Ci .4-alkoxy, halogen, 
trifluoromethyl, cyano, hydroxy or dimethylamino; 
R5 and Rg are as defined above. 

15 11. The compound according to claim 1 0 wherein R3 is hydrogen. 

12. The compomid accordmg to claim 10 wherein R7 is selected from 
hydrogen, methyl or ethyl. 

20 13. The compound according to claim 1 0 wherein R7 is methyl and where 

said methyl is attached to the C2-position of the piperazine ring. 

14. The compound according to claim 10 wherein R7 is hydrogen. 

25 15. The compound according to claim 1, which is selected fix)m the group 

consisting of: 

2-(Ben7.yioxy)-6-(l-piperaziny1)pyrazine, 
2-[(2-Methoxybenzyl)oxy]-6={l-piperazinyl)p>Tazine, 
2-[(3-Methoxyberizyl)oxy]-6-(i-piperazinyl)p>^ 
30 2-[(3,5-Diiiuorobenzyl)oxy]-6-(l-piperazinyl)pyrazine, 
2-(l-Naphthyhnethoxy)-6-(l-piperazinyl)pyrazine, 
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2-(l-Phenylethoxy)-6-(l-piperaziny])pyrazine, 
2-[l-(3-Fiuorophenyi)e11ioxyj-6-(i-piperazinyl)pyrazin 
2-[l-(2-Methox}'phenyl)ethoxy]-6-(l-piperazmyl)pyrazme, 
2-(3,4-Dihydro-2i?-chromen-4-yloxy)-6-(l-piperazinyl)pyra2ine, 
5 2-(2-Phenylethoxy)-6-(l-piperazinyl)pyrazine, 

2-[(2-Phenoxybenzyl)oxy]-6-(l-piperazmyl)pyraziiie, 
2-[2-(3-Chlorophenyl)ethoxy]-6-(l-piperazinyl)pyrazine, 
2-[2-(2-Methoxyphenyl)ethoxy]-6-(l-piperazinyl)pyrazine, 
2-[2-(3-Methoxyphenyl)ethoxy]-6-(l-piperazinyl)pyrazine, 

1 0 2-[2<4-Methoxypheaiyl)ethoxy]-6-(l -piperazinyl)pyrazine, 

2-[2-(2,5-Dimethoxyphenyl)ethoxy]-6-(l-piperazinyl)pyrazine, 
2-[(2-Pheny1ethyl)suifanyl]-6-(l-piperazinyI)pyrazme, 
2-[(5-Fluoro-2-niethoxybenzy!)oxy]-6-(l-piperazinyl)p>'razine, 
2-[(3-Cyanobenzyl)oxy]-6-(l-piperaziny])pyTazine, 

15 2-[(2-Chiorobenzyi)suifanyi]-6-(l-piperazinyi)pyrazine, 

2-[2-(4-Diniethylaminophenyl)ethQxy]-6-(l-piperazinyl)p5Tazme, 
2-[2-(liy-Ind.ol-3-yl)ethoxy]-6-(l-piperazinyl)pyrazine, 
2-[2-(l//'-]iidol-l-yl)ethoxy]-6-(l-piperazinyl)pyrazine, 
4-(Benzyloxy)-2-(l-piperazinyl)pyriimdine, 

20 4-[(2-Methoxybenzyl)oxy]-2-(l -piperazmyl)pyriimdine, 

2- {[3-(Benzyloxy)benzyl]oxy} -4-(l -piperazinyl)pyrimidine, 
2-Benzyl-6-(l -piperazinyl)pyrazine, 
2-[(3,5-Dimethoxybenzyl)oxy]-6-(l-piperazinyl)pyrazme, 
146-(Benzyloxy)-2-pyTazinyl]-2-metuylpiperazine, 

25 1 -[6-(Benzyloxy)-2-pyrazinyl]-2-e11iylpiperazine 

1- [6-(Ben2yloxy)-2-pyrazinyl]-*^i2,n,s'-2,5-dimetiiylpiperazine. 

2- [2-(2-Fluoroph6nyl)ethoAy] -6-( 1 -pip6razinyl)p>Tazine, 
2-(2,3-Dihydro- IH-inden- 1 -yimethoxy)-6-( l-piperazinyijpyrazine 
2-(4-Phenoxybutoxy)-6-( 1 -piperazinyl)pyrazine. 

30 2-[(5-Phenoxypentyl)oxy]-6-(l-piperazinyl)p>Tazine. 

2-[(2,5-Dimethoxybenzyl)oxy]-6-(l-piperazmyl)pyrazine. 
2- {[2-(2-PhenyIethyl)benzyl]oxy} -6-(l -piperazinyl)pyrazine 
(2i?)-l-[6-(Benzyloxy)-2-pyrazinyl]-2-methylpiperazine, 
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2-[2-(2,6-Difluorophenoxy)ethoxy]-6-(l-piperazinyl)p>Taziiie 

2-[2-(2-NaphthyloxY)emoxy]-6-(i-pipei-azinyi)pyrazine 

2-(l-Methyl-2-phenylethoxy)-6-(l-piperazmyl)pw 

2-{[2-(Phsnoxyniethyl)benzyl]oxy}-6-(l-piperazinyl)pyrazine 
5 2-[(5-Fluoro-2-methoxyben2yl)oxy] -6-( 1 -piperazmyl)pyrazine 

2-[(2,5-Difluorobenzyl)oxy]-6-(l-piperazinyl)pyrazine 

2-[(2-Fluorobenzyl)oxy]-6-(l-piperazinyl)pyrazine 

2-(Berizo[6]thiophen-3-ylmethoxy)-6-(l-pipera2inyl)pyrazine, 

2-[2-(5-Metiiyl-2-phemyl-oxazol-4-yl)-ethoxy]-6-(l-pjpera7,myl)pyra7iiie, 
10 2-[l-(2,6-Difluoro-phenyl)-efhoxy]-6-(l-piperazinyl)pyrazine, 

2-(2-Naphthalen-2-yl-etlioxy)-6-(l-piperazinyl)pyrazine, 

2-[3-(Naphthalen-2-yloxy)-propoxy]-6-(l-piperazinyl)pyrazine, 

2-[2-(7-Methoxy-naphthalen-2-ylox3')-ethox3']-6-(l-piperazinyl)pyrazine, 

2-[5-(4-Cmorophenyl)-2-methylfurau-3-ylmethoxy]-6-(l-pipera^ 
15 2-(lF-Indol-4-ylmetlioxy)-6-(l-piperazinyl)pyrazine,- 

and their pharmacologically acceptable salts and solvates. 

16. A pharmaceutical composition comprising a compound according to 
any one of claims 1 to 15 as an active ingredient, together with a pharmaceutically 

20 acceptable carrier. 

1 7. A method for the prophylaxis or treatment of a serotonin-related 
medical condition, comprising administering to a subject in need thereof a 
therapeutically effective amount of a compound according to any one of claims 1 to 

25 15. 

1 8 . The method according to claim 1 7, wherein the medical condition is 
related to the 5-HT2c receptor. 

30 19. The method according to claim 1 7 wherein the medical condition is an 

eating disorder. 
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20 . The method according to claim 1 7, wherein the medical condition is 

obesity. 

21 . The method according to claim 1 7, wherein the medical condition a 
5 memory disorder. 

22. The method according to claim 17, wherein the medical condition is a 
mood disorder. 

10 23 . The method according to claim 1 7, wherein the medical condition is 

an anxiety disorder. 

24. The method according to claim 1 7, wherein the medical condition is 
selected from sexual dysfunctions, epilepsy and urinary disorders. 

15 

25 . The method according to. claim 1 7, wherein the medical condition is 

pain. 

26. The method according to claim 1 7, wherein the medical condition is 
20 substance abuse. 

27. The method according to claim 1 7, wherein the medical condition is 
schizophrenia. 

25 28. Use of a compound according to any one of claims 1 to 15 in the 

manufacture of a medicament for the prophylaxis or treatment of a serotonin-related 
medical condition. 

29. The use according to claim 28, wherein the medical condition is 
30 related to the 5-HT2c receptor. 

30. The use according to claim 28 wherein the medical condition is an 
eating disorder. 
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31 . ihe use according to ciaim 28, wherein me medicai condition is 
obesity. 

5 32. The use according to claim 28, wherein the medical condition a 

memory disorder. 

33. The use according to claim 28, wherein the medical condition is a 
mood disorder. 

10 

34. The use according to claim 28, wherein the medical condition is an 
anxiety disorder. 

35. The use according to claim 28, wherein the medical condition is 
1 5 selected from sexual dysfunctions, epilepsy and urinary disorders. 

36. The use according to claim 28, wherein the medical condition is pain. 

37. The use according to claim 28, wherein the medical condition is 
20 substance abuse. 

38. The use according to claim 28, wherein the medical condition is 
schizophrenia. 

25 39. A method of making a compound of claim 1, taking a compound of the 

following formula: 




wherein 

30 (i) X and Y represent both nitrogen and Z represents CH, forming a pyrazine 

derivative, or 



wo 02/40456 



-90- 



PCT/SEOl/02569 



(ii) X and Z represent both CH and Y represents nitrogen, forming a pyridine 

derivative, or 

(iii) X represents C-CF3, Z represents CH, and Y represents nitrogen, forming 
a 4-trifluoromethyipyridine derivative, or 

5 (iv) Y and Z represent both nitrogen and X represents CH, forming a 

pyrimidine derivative, and wherein 

each Hal is independently a halogen; 

and reacting the compoxmd with one or more chemical reagents in one or 
more steps to produce a compound of claim 1. 
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